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PREFACE. 



On presenting to the profession, as a separate treatise, 
the author's Investigations into the Defonnities of 
the Human Body, which have already appeared in 
the pages of the Lancet, he has merely corrected 
typographical errors, and added a few details suggested 
by further experience, whilst the fundamental prin- 
ciples of the work remain unaltered. 

A new publication furnished the opportunity of 
proposing the subject in a more popular form, illus- 
trated by numerous and successful cases, and by 
showy and attractive plates ; but the specimens of 
this kind which have occasionally been given to the 
public appeared to the author little deserving of 
imitation, and sometimes even chargeable with delu- 



ion ; as, for example, when recoveries are announced 
rom organic disease of the vertebne, implying a 
Bstoration of lost osseous matter which experience 
roves never to occur. 

The work is, moreover, exclusively designed for the 
DQedical profession, and relates to a subject of great 
interest and importance, respecting which tliere is 
much uncertainty in speculation, and much empiricism 
in practice. This subject has been too often treated 
by medical men with neglect, as one of an inferior 
order, and devolving on the mere mechanician, to whom, 
in effect, the problem is commonly proposed for solu- 
tion,— Given a distortion, to discover an instrument 
that will cure it, -— It need not, therefore, excite 
surprise to find, as will be shown, that means have 
frequently been employed, even by respectable practi- 
tioners, entirely at variance with the intrinsic nature 
of the case ; so that, with the expectation of giving 
relief, useless tortiu-e, or deplorable mutilation, has, in 
many instances, been inflicted. 

I The subject of Deformity is here proved, on the 
contrary, to require the most careful research, and 
to present a field for the most elaborate mathematical 



investigation. The principles of treatment recom- 
mended are based on mechanical and dynamical laws, 
which have received the assent of the most distinguished 
physical philosophers of the present day. It is, in 
fact, the wish and aim of the author to induce the 
members of the profession to advance from the employ- 
ment in such cases of mere mechanical experiments, to 
a sound and judicious practice founded on scientific 
data; and, should any of them doubt, or find it difficult 
to understand these principles, the author is ready 
to refer them, for that practical satisfaction which 
results from high aiithority, to some of the most emi- 
nent siu'geons of the metropolis, who have seen and 
1 the results of their apphcation. 



Bernard Street, BusseM Squar 
Feb. ieS2. 
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CHAPTER I. 

minary Remarks. — Neglect of the subject of distortions by 
Biu^eoDS of public institutions. — Treatment of cases left to 
surgical instrument makers. — Mechanical properties of bones, 
such as bardnesSj elnsticitj, rigidity, — Chemical properties. — 
Effects of themicRl changes on the mechanical properties of 
bones. — Fragility of bones. 



The great number of deformed peraoiis of both sexes 
who are daily to he seen in every district of the 
metropolis, must surely tend to impress the public 
mind with the idea either that distortions are incapable 
of being cured or prevented, or that the branch of 
surgery to which they belong is in a very imperfect 
state. Among the circumstances which have con- 
cmred to retard the progress of knowledge in this 
department of surgery, the following are midoubtedly 
the principal, It will, I think, be admitted, that the 
mftjority of the medical officers of our public institu- 
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PRELIMINARY REMARKS. 3 

are neglected during that period of the disease when 
the adoption of methods for rehef might have been 
attended with the most beneficial efiects ; for the 
parents, being generally unconscioia of the mischief 
working in the frame of their offspring in the early 
stages, do not become aware of their melancholy condi- 
tion until, perhaps, several bones of the spine having 
been absorbed, anchylosis has taken place, and the dis- 
tortion consequent upon it is irremediable. Cases of 
this kind frequently come under the observation of the 
surgeon. 

Among the multitiide of persons afflicted with 
deformities, by far the largest proportion were bom 
with the usual symmetry of figure, and the abnormal 
condition of the system will generally be found to 
have commenced in childhood, to have lessened at 
puberty, and to have terminated at or before the adult 
state. 

It is not intended here to enter into the subject of 
congeuital defonnities, or the etiology of any kind of 
monstrosities, unless they happen to be of that descrip- 
tion which renders them susceptible of cure or relief by 
surgical treatment. In investigating the physiological 
and pathological conditions which lead to the produc- 
tion of deformities, we must take into consideration 
the transition from the normal to the abnormal states 
of many structures ; such as those of the bones, the 
joints, the ligaments, and the muscles, as hkewise the 
constitutional, chemical, and mechanical actions in- 
volved in these changes. 
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Boms. — Many portions of the osseous system t 
concerned in the production of deformities, more espe^ 
cially those which transmit the weight of the head to ] 
the ground. These manifestly include the vertebral 1 
column, the pelvis, and the bones of the thighs, legs, 
and feet. 

The circumstances that tend to produce those al- 
tered conditions of the bones whicli lead to deformi- 1 
ties, comprise the constitutional derangements of theJ 
system which are connected with them, the chemicB 
composition of the bones, and the influence of thata 
composition on their physical constitution. Tbea 
physical properties of bones, such as density, hard-J 
ness, elasticity, and tenacity, render them capable, 
in a greater or less degree, of supporting the va- | 
rious weights to which they are subjected. These J 
mechanical properties vary in degree in different per-4 
sons, and m the same person at different periods offl 
life, dependhig on the chemical composition and struc] 
ture of the bones. In the normal state of bones therefl 
is nearly a constant proportion of earthy and animala 
matter; and whatever state of constitution tends totl 
destroy this proportion, changes, at the same time, thea 
mechanical properties ; and hence we aiTive at the] 
question — What is the physical state of the system 
which regulates the proportion of the earthy and ani-^j 
mal matter in living bone p 

Before attempting any analysis of this subject, it will 1 
be desirable to investigate the relation between the 
chemical and mechamcal pi-operties of bone. The vital 
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force, by means of whicli al] the chernieal aud me- 
chanical functions are deterniiiied, appears to control, 
in a greater or less degree, the cohesive force of parti- 
cles in bones of the same composition ; but when 
the energy is the same, the physical properties of 
specific i^ravity, hardness, elasticity, &c. will increase as 
the ratio of earthy to that of animal matter increases, 
and vice irers/l. These mechanical properties are 
essential to the various offices of the osseous system, 
and many beautiful contrivances are introduced in the 
structure of bones to adjust them to a specific end, 
with the least expenditure of material : the flat cylin- 
drical and cuboid forms all exemplify this view of 
finfd causes. 

In a healthy state of the system the bones are of 
great strength, and those destined to 8ui)port the body 
will bear a weight, gradually applied to them, many 
hundred times greater than their own. They will 
bear, without breaking, shocks of great violence, and 
resist the powerful action of the muscles under all 
ordinary circumstances. Such are some of the me- 
chanical properties of bones in health ; but in disease 
the case is quite diftercnt : all the mechanical properties 
being more or less impaired under certain chemical 
changes of the constituent parts of bones. A few 
examples of the proportions of the earthy and animal 
matter, obtained in the analysis of healthy and diseased 
bones, will furnish data from which to deduce conse- 
quences of great utihty, when applied to the conside- 
ration of those constitutional conditions and physical 
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6 DEFORMITIES IN THE HUMAN BODY. 

states of bone which usually terminate in deformities 
of the skeleton. 

Earthy constituents of b(me. — The earthy consti- 
tuents of bone are the phosphate and carbonate of 
lime, and the phosphate and carbonate of magnesia. 
According to Berzelius, " the phosphate of lime is to 
the carbonate of lime as 5104 to 11*30," so that the 
quantity of the phosphate of lime is nearly five times 
greater than that of the carbonate. In children, the 
proportion of the earthy to the animal matter is less 
than in adults. In the former, Schreger found that 
in 98*68 parts the earthy is to the animal as 48*48 to 
47*20, or as 10271 to 1, the quantities of earthy 
and of animal substances being nearly equal. In 
the latter, the earthy is to the animal material as 74 
to 20*18, or as 3*66 to 1 ; which shows that the adult 
has more than three times as much earthy matter in 
his bones as the child. In passing from the adult state 
to old age, a further preponderance of earthy matter in 
the constituents takes place; for, according to the 
authority just quoted, the earthy is to the animal part 
as 84*1 to 12-2, or as 6*89 to 1. 

The quantity of earthy matter in the same volume of 
bone in different parts of the skeleton of the same 
person is not constant. According to the analysis of 
Dr. G. 0. Rees, the proportions in different bones are 
as follow : — 

Earthy Matter. Cartilage. 

Femur .... 62-49 . . . 37*51 

Tibia . . . . 6101 . . . 3999 

Fibula .... 6002 . '. . 39*98 
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Earthy Matter. Cartilage. 

Humerus . . . 63*02 . . . 36-98 

Ulna .... 60-50 . . . 39*50 

Radius. . . . 60-51 . . . 39-49 

Squamous portion of) ^3.^^^ 3^.^^ 

temporal bone . 1 

Dorsal vertebrse (arch) . 57*42 . . . 42*58 

Head of Femur . . 60*81 . . . 39*19 

Hence we perceive that although the quantities of 
the earthy constituents in the several bones are not 
constant, yet they do not vary very considerably, and 
that in the series here selected, the dorsal vertebrae have 
the smallest quantity. In a foetus, Dr. Rees found the 
proportion of earthy matter less than in the preceding 
table. The analysis already given belongs to healthy 
structures ; but in the abnormal states of the osseous 
system, as in rickets, the quantity of animal matter 
predominates over that of the earthy, a condition which, 
apparently, is never consistent with a healthy state of 
the system. In a rickety child Dr. Bostock found 

The animal matter, 79*75, 
The earthy matter, 20*25, 

being as 0*253 to 1, or about four times less than the 
proportion of earthy matter found in the bones of 
healthy children. 

In another rickety child, Dr. Rees found that the 
earthy was to the animal part as 26 to 74, or as 0*351 
to 1. Here the proportion of the earthy matter is 
greater than in Dr. Bostock 's case, but it is three times 
less than in a healthv child. 
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Mollities ossimn, — -In three cases Dr. Rees selected 
for examination parts of the fibula, ribs, and vertebrae, 
and found that the mean proportion of the earthy part 
to the animal was as 29*815 to 7068. 

Each bone having been examined separately, he 
found as follows : — 





Earthy. 


Animal 


Fibula . 


. 32-50 . 


. 67-50 


Ribs 


.* 30-00 . 


. 7000 


Vertebrae 


. 2613 . 


. 73-87 



In healthy persons these same bones contain — 

Fibula .... 60-02 . . . 39-98 
Ribs .... 57-49 . . . 42-51 
Vertebrae . . . 57*42 . . . 42-58 

From these analyses it appears that the fibula suffers 
the least loss of earthy matter by absorption, and the 
vertebrae the most ; and, consequently, that the ab- 
sorption in mollities does not go on equally in different 
bones. There is, however, a near approach to equaUty 
of action, and the same order is maintained in the 
preponderance of the earthy matter in the different 
bones examined. On mixing the earthy matter ob- 
tained from the above-mentioned bones, they were 
found to contain 78 per cent, of phosphate of Ume, 
instead of from 81 to 86 per cent., as in health. 
Hence Dr. Rees concludes that in mollities the decrease 
of the phosphate of lime is much greater than that 
of the carbonate. It vnll be observed that the propor- 
tion of earthy matter in rickets is less than in molli- 
ties. These are the principal facts at present known 
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concerDiug the chemical relatious of the earthy and 
animal matter which enter into the compositiou of 
boQea in health and disease, and they furnish impor- 
tant data for pursuing the inquiry into the effects 
of the various states of bone with reference to their 
functions when considered mechanically. It has been 
seen that in healthy children the quantity of earthy 
matter is less in proportion to that of animal matter than 
at any subsequent period of life. It would therefore 
appear that the assimdation of the animal matter is 
effected more rapidly than that of the earthy. 

The elasticity of bones varies with their chemical 
composition, and, within certain Umits, depends on the 
quantity of earthy matter which they contain. When 
the earthy, compared with the animal matter, diminishes, 
the bones begin to lose more or less of their elasticity : 
they become more compressible, and if driven out of 
their normal figure by the weight of the body pressmg 
on them, do not readily return to it ; but as long as a 
sufficient portion of their elasticity remains, no de- 
formity of the bones can take place. The elasticity 
requisite to preserve their figure remains constant as 
long aa the quantity of the earthy matter is not less 
than that of the animal constituents of the bone. In 
rickets and mollities, where the proportion of earthy 
matter is very small, the bones become almost per- 
fectly inelastic : they will bend in any direction by the 
application of force, and they will not, under ordinary 
circumstances, return to their primitive figure. In 
this manner the deformity, once produced, continues 
(even after the bone becomes sound), unless mechanical 
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assistance be interposed. Many, nay most, of our 
best surgeons believe and maintain that what is vaguely 
understood to be the vis medicatrix Nature is quite 
sufficient to restore a distorted limb, provided time be 
allowed to enable the bone to acquire the hardness 
and strength necessary to support the superincumbent 
weight. This, however, is a most deplorable error; 
no time, no natural play of the vital powers of the 
system, is sufficient to restore a distorted bone to its 
normal figure, after it has lost its elasticity in conse- 
quence of a deficiency in its due proportion of earthy 
matter. At any subsequent period, when the bones 
acquire the proportions of constituents necessary to a 
healthy state, the deformed condition will be found to 
have remained stationary during the increase of their 
density and elasticity. To make this more clear, let us 
suppose any bone, such as tlie tibia of a child, so pliable 
as to be incapable of bearing the weight of the body, 
and that it becomes in consequence curved in one or 
more planes. If this bone were elastic, it would return 
to its primitive state as soon as the pressure was re- 
moved ; but being inelastic, it retains the figure which 
the force has caused it to assume. And, as the bone is, 
in the first instance, at a minimum of density, and gra- 
dually acquires a greater amount of earthy matter, and, 
consequently, of elasticity, this very elasticity, which 
would originally have kept it straight, actually retains 
it in the curved form which the external force had 
caused it to assume. But this is not a property 
peculiar to bone, for it is common to all elastic bodies. 
By elasticity, we mean that tendency which a great 
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number of bodies possess to recover their pristine 
figure, after having been bent, twisted, extended, or 
compressed ; and that bodj is said to be the most 
elastic which recovera its figure with 
energy, supposing the compressing force to have been 
the same. A perfectly elastic body would recover its 
figure with a force eqnal to that which bos been 
employed in distorting it. The preceding definitions 
appeared to be necessary, for there exist in the mmds 
of many persons very different ideas of the nature of 
clastic bodies. 

The difference in the degrees of elasticity of different 
bones due to different states of chemical combination, 
tnay be discovered by means of the sounds which they 
yield, when properly excited into a state of vibration. 
For instance, let us suppose the figure of.any two 
tones to be the same ; that they are of similar length, 
breadth, and thickness ; that they are made to vibrate 
in a similar manner; and that they differ with re- 
spect to the proportion of the earthy, compared with 
that of the anmial matter, and also in their specific 
gravity : now the number of vibrations which they 
yield will be directly as the square roots of their 
elasticities, and inversely as the square roots of their 
specific gravities,* and it will be found that any in- 

* According to Giordano Riccati, if n be the number of vibra- 
tions of any elaBtic body, g its specific gravity, r its rigidity, and 
e its elaeticity, then, for bodies of tbe same dimensions, n varies 

M 1 /I; but in bodies of the same dim 
V y 

tlierefore, nlso, n varies ns 
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that they stand in the followinj; coraparative re- 

^tion : — 

Fine freealone . . . . .TO 

Lead 6-5 

Elm nnd ash 8-5 

Boi, yew, oak . . . . . I I'd 
Bone 22-0 

Hence we see that bone is twice as strong as oak. 
ifessor Robison also found that a piece of bone an 
inch square will bear 5000 pounds weight ; but we are 
not infomied from wliat portion of the skeleton the 

me was selected, or whether it was from a young or 
old person, &c.* 

In the distribution of osseous matter, utility and 
economy of substance are perceptible in every part of 
the body. Wherever strength is most required, bone 
is made of such a figiure as vriil give the greatest 
strength with the least expenditure of materials ; and 

those parts where a large surface is required, the 
figure is made to correspond : thus, the cylindrical, 
the cuboid, the prismatic, and the flat, arc some of the 
figures introduced in the skeleton. The weights which 
cyhndrical or prismatic flexible columns will bear per- 
pendicularly, when their bases and compositions are 
, is in the inverse ratio of the squares of their 
length ; therefore, if we take any bones, of similar 
materials and thickness, but of which the lengths are 
respectively as 1, 2, 3, 4, 5, they vrill support weights 

* See Gregory's Mechanics, vol. i. c. 5. 



14 



DEFORMITIES OF THE HUMAN BODY. 



without flexion in the proportions, 1, ^, ^, ^, ^; 
the necessity, therefore, for dividing the columns 
which sustain the trunk by means of the joints, 
independently of the use of the latter for locomo- 
tion, is obvious. The lateral strengths of two cylin- 
drical bones of equal weight and length, of which one 
is hollow, and the other solid, are respectively as the 
diameters of their transverse sections. Thus, let a ft, 
d c (figs. 1 and 2) represent the sections of the two 
bones ; then the strength of the tube d c is to that of 
the solid a b, as the line d c is to a b. 



Fig. 1. 



Fig. 2. 




From this proposition it was long since observed by 
Galileo, that nature greatly augments, in a thousand 
ways, the strength of bodies without increasing their 
weight ; and that if a wheat-straw which supports the 
ear, that is heavier than the whole stalk, were made of 
the same quantity of matter, but solid, it would bend 
or break vdth far greater ease than it now does. The 
feathers of birds, as well as the bones of animals, pre- 
sent similar provisions for the combination of strength, 
lightness, and economy of material. The strength of 
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bones cannut, liowever, as might possibly be inferred 
from the preceding propositioD, be increased with the 
same quantities of matter indefinitely, because, when 
the diameter of the tube exceeds certain dimensions, it 
will become so thin and fragile as to break almost 
without ofi'ering any resistance. The lateral sti-engths 
of tubes and solid cylinders of the same material and 
of e(]ual lengths, are as the areas of their sectious and 
their diametere conjointly, 

ProDi the deductions which may be drawn fi-om the 
preceding proposition, Galileo very justly concludes 
that " there are limits set to the magnitudes of the 
works of nature and art, and that the size of ships, 
palaces, and temples, trees, and auimab, cannot surpass 
ceitain dimensions ; and he observes, that large animals 
have neither strength nor speed proportionate to theii- 
bulk, and that if there were any terrestrial animals much 
larger than those we know, they could hardly move, 
and would be much more subject to the most serious 
accidents ; and also, that it would be impossible for 
nature to give bones to men, horses, or other animals, 
if they were enlarged to immense heights, so as to 
perform their offices propoitionally, unless these 
bones were composed of materials much more firm and 
resisting, or they were made of a thickness out of all 
proportion, rendering the figure and appearance of 
animals monstrous." Mr. Banks has found that an 
oak-rod one inch thick, supported at each end, wdl 
break by its own weight at the length of 57"45 feet, 
and a similar one of iron at 38"223 feet. Emerson 
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also found that the coliesive strength of bone is donlile 
that of oak, wliiist its specific gravity is to that of the 
latter only as lfi5G to 1170, or as 92 to 65. lu the 
megatherium and elephant, the length of the bones of 
the legs is small, compared with their diameters, and 
consequently, they possess greater comparative strength 
as columus for supporting their ponderous super- 
structures. 

In the thigli-hones of most animals, an angle is 
formed by the head and ueck nf the bone with the axis 
of its body, — a form which prevents the weight of the 
iupcrstructure coming vertically upon the shaft, con- 
"^nt the bone into an elastic arch, and renders it 

_ le of aupportiTig the weight of the body in stand- 
ing, in leaping, ami in falling front considerable alti- 
tudes. 

There is a rule very convenient to be observed in all 
cases where a comparison is to be made of the strength 
of bones, or of any other bodies composed of similar 
materials — namely, the breadth, multiplied into the 
square of the depth, and divided by the product of the 
length and weight, must be a constant quantity : that 
jg^ for example, if we take b, d, I, and tv, for the 
breadth, depth, length, and weight, employed in an ex- 
periment, and B, D, L, W, those proposed to be com- 
pared, then, to produce a like effect, we must have — 

Ik ~ LW 
. jjr. Porter * instituted a series of experiments in 

EC Cycloptedia of Anatomy and Physiology, toI. i. p. 441. 
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order to ascertain the comparative fragility of bones ; 
but the attempt was unsuccessful ; and he candidly 
owns that he was obliged to leave the subject as it 
stood before, without even attempting a solution of 
the difficulty. He further says : " We compared the 
respective thicknesses of the thigh-bone in the adult 
and in the aged, the section being made exactly in the 
middle : we weighed equal lengths of similar bones ; 
we softened equal lengths and equal weights by means 
of dilute muriatic acid, and we burned equal portions 
and weights also, with a view of comparing them under 
different circumstances, but could never arrive at any 
fixed or certain conclusions." It is to be regretted 
that no mention is made of what was done with the 
bones after they had been treated in the manner above 
described, or of any attempt made to ascertain whether 
the fragility, strength, and elasticity, increased or 
diminished with the altered proportions of earthy and 
animal matter ; and though the experiments made 
were unsatisfactory, still they might, if detailed, have 
saved future investigators the labour of repeating this 
kind of experiments in a similar way. There can be 
no doubt that there is sometimes a difference in the 
structure of bones, and in the cohesive force exerted 
between their particles, when the chemical composition 
is the same ; but this is not sufficient to account for 
a rickety state of the skeleton ; and, although the 
quantity of the earthy, compared with that of the 
animal matter, might be found the same in a rickety as 
in a healthy person, it must be remembered that the 
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examination of the boues is usually made, not at the 
moment of their state of least elasticity, but when the 
bones have acquired their proper density by the acqui- 
sition of the earthy phosphate, the deformity being the 
resnlt of a previous state of morbid action. 

Mr. Porter remarks that a deficiency of earthy 
matter is not one of the essential causes of a rickety 
state of the skeleton ; and M. Ribes observes that the 
fragility of bones depends merely on a change of action : 
but this vague term comprehends any kind of change 
that may take place in the constitution of bone. 

Independently of that fragility which is common to 
the bones of aged persons, they are occasionally observed 
to become exceedingly fragile under certain morbid 
conditions of the system. A case of this kind is 
detailed in Gooch's chirurgical works. A woman 
broke her leg, witliout the shghtest violence, whilst in 
the act of walking from her bed to her chair. Shortly 
after the accident she suffered from scurvy, and bled 
much at the gums. The legs and thighs, which were 
cedematous, became excoriated, and discharged a yellow 
ichor. From the commencement of the attack until 
her death, the bones continued to become softer. The 
spine was greatly distorted, so that her height, which 
had been five feet five, was diminished to four feet. 
All the bones, except the teeth, were more or less 
affected, and capable of being cut with a knife without 
difficulty. The bones of the head, thorax, spine, and 
pelvis, were nearly of the same degree of softness ; but 
those of the lower were much more affected than those 
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of the upper extremities, tlje former being found to 
have changed into a kind of parenchymatous substance, 
like dark-coloured liver. The thumbs became broad, 
and the phalanges of the fingers ciu-ved, by her eftbrts 
to raise herself in bed, to which she was confined in a 
sitting posture. It was remarked that the bones which 
iu a healthy state ai"e most hard, and contain the 
greatest quantity of marrow, were most atfected; and 
it was inferred that as the only patches of osseous 
laminae left were on the external surface of the bones, 
the d^ease must have begun internally, and Mr. Gooch 
thinks that the marrow in its changed condition had 
acquired a dissolving quality. 

Two cases of extreme fragility of the bones occurred 
amongst lay patients ; one of these, a middle-aged 
woman, suffered from a malignant tumour in the thigh, 
and the bone broke while she was in the act of lifting 
the leg out of bed. In the other case, a man, about 
forty-five years of age, whose general health was greatly 
impaired, became much emaciated. The lower extre- 
mities were subject to hjemorrhagic ulcers. He frac- 
tured the OS humeri on the right side, in the act of 
merely raising himself in his bed. 
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CHAPTER II. 

Sketch of the vertebral column, — The vertebwe levers of the first 
order ; the whole column a lever of the third order. — Normal 
figure of the vertebral column, how aacertmned. — Strength doe 
to figure estimated. — Influence of weight acting vertically esti- 
mated, — Ordinates and abeciasse of the spinal curves computed. 
— Figure of the bodies of the vertebne. — Articulations and 
motions of the vertebne. — Intervertebral cartilages. — Curvature 
of the Hpine due to the cartilagea principally. — Tables of ver- 
tebrse and cartilages.— Flexibility of the spine due to the elas- 
ticity of the intervertebral cartilages, — Flesihility of the three 
regions of the spine compared and estimated ; mistaken views 
of authors on this subject. — Ligameats of the spine. — Effects 
of equal and unequal pressure on the intervertebral cartilages ; 
loss of height during their compression esiimated. — Elasticity 
of inten-ertebral cartilages different from that of inorganic 
matter. — Eifecta of equal and unequal pressure on the vertebrae. 
— Injurious effects of neglecting unequal pressure illustrated. 



THE VKRTEBRAL COLUMN. 

It is quite unnecessary to encumber these paf 
with such details of the vertebral column as may I 
found in any elementary anatomical work. Sud 
erroneous st^atements respecting distortions of tbe spine 
have, however, been made, and so many extraordinary 
and empirical methods have been employed for relievingj 
the various abnormal states of this organ, that a clos 
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examination into its physical constitution will here be 
instituted, in order to establish the principles on which 
diseases and distortions should be treated. 
The human spine, whether considered anatomically 
mechanically, is an organ of wonderful construction, 
figure is pyramidal, and with reference to the mesial 
llane of the body it is curved in opposite directions. 
It consists of twenty-four bones, and twenty-three 
iutervertebral cartilages Each bone is a lever of the 
it order, tlie power being the force of the muscles 
ing forwards and backwards, and the fulcrum a 
vai'iable hne in the subjacent intervertebral cartilage. 
The whole spine, when considered as a rigid body, is a 
lever of the third order, its axis of rotation being in the 
sacrO'lumbar articulation, the power being the force of 
the muscles that draw the trunk backwards and for- 
wards, and the weight l)eing the head and upper extre- 
mities, which ai-e more distant from the fulcrum than 
the power. 

The vertebral column is thus capable of acting either 
as one, or as many levers, for moving and supporting 

I the numerous organs with which it is connected. The 
hones confer on it strength and rigidity, whilst the 
intervertebral substance gives it pliability and elasticity. 
The manner in which the vertebras are connected 
together by osseous and ligamentary matter, restricts 
within definite hraita their movements upon each other, 
so that the integrity and security of the spinal cord are 
presei-ved ; and although each joint admits of only a 
limited range of motion, yet, as the number of these 
^^^^ m 
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joints 19 considerable, a great degree of mobility is con- 
ferred on the entire column. 

When a mesial section of tlie body is made, without 
any plan being adopted to restrict the movements of 
the spine, the elasticity of the intervertebral cartilages 
and ligaments will cause the several parts to be dis- 
torted from their normal position, and the whole figure 
of the spine will, in conseqaenc*. be deranged. In 
order to avoid this, MM. Weber * removed from the 
trunk of a dead body the intestines, and such of the 
muscles only as they found necessary, without disturb- 
ing the ligaments of the spine and thorax. They then 
poured into the cavities of the abdomen and chest a 
sufficient quantity of liquid plaster of Paris, by which 
means they obtained a perfect cast of the vertebral 
column, with all its inflexions. The parts having been 
thus fixed in their normal positions, the whole was bi- 
sected in the mesial plane, and a drawing of this section 
of the spinal column was taken. This drawing has 
been reduced, and adapted to our present purpose. 
MM. Weber have thus furnished us with the only true 
outhne of the figure of the spine, including the relative 
positions and proportions of its several bones and car- 
tilages, which has hitherto been obtained. The figure 
of the spine is an irregular curve, the superior and 
inferior portions of which, viewed in front, are convex, 
and the central portion is concave. By this triple cur- 
vature, the spine is said, by Rollin and Majendie, to 

* Mechanik der Menschlicheii Gehwerkzeuge. Gotlingen. 1836. 
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be sixteen times stronger than if it were straight.* It 
will be observed, that the vertical liiie a e passes nearly 
tlirongh the axes of the occipito-allantic and Bacn>.J 
lumbar joints, and that the three lower cervical verte-l 
bne, the whole of the dorsal, and the first, and nearly 



* This must aarel; be altogether a mistake. It is true, that ij 

a force acting vertically oa the upper edge of a straight, thiOf. 
elastic lamina, placed upriglit on ilie ground, produce (b) cur- 1 
vatures in it, the resistance of the lamina, when in a State of! 
equilibrium, Is rather more than (/i -f 1)' times the weight which J 
it would bear in its vertical position without bending (see Penny >1 
Cyc(., Art. " Spring"). But this case is very different from that'] 
of the spine, which is not only not a thin lamina greatly elastic J 
throughout, but its curvatures are its natural and proper figure, 1 
and, therefore, there can be no tendency in the spine, 
pressed upon by a vertical force, to restore itself to a state of-1 
straightnesB, whereas the great resistance which the lamina I 
opposes to the force of pressure is entirely owing to this tea--J 
dency. So far, then, from being stronger in consequence of 
originally bent into severnl curves, the spine is, in fact, 
weaker, and the greater the radius of curvature at any point of 4 
the aws, the less wiU be the strength. In confirmation of this I 
statement. Dr. Young says — " The curvature of the axis from any i 
point will always be proportional to its distance from the line of 1 
direction of the force, not only while the column remains nearly | 
straight, but also when it is bent in any degree that the nature of I 
the substance will allow ; if the column was originally bent, any \ 
force, however small, applied to the estremities of the a»i 
iocrease the curvatura according to the same law"— [Nat. Phil,, 
vol. i. pp. 138, 139. The advantage of the curved form is, that 
the shocks and jars applied at either end of the spine tend to 
bend the axis, which would, if straight, crush some of the ver- 
tebne, in consequence of the force acting on them in a perpen- 
dicular direction. 
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the whole of the second lumbar, lie out of this line. 
The line drawn through the centre of the bodies of the 
vertebrje gives the figure of their curvature ; the hori- 
zontal lines drawn from the line a c to the curved line, 
show the distance of this line from the centre of each 
vertebra. When the body is in the erect posture, the 
line a c marks the direction of the force arising from 
the weight of the head, and, consequently, of any heavy 
body placed upon it, and the horizontal lines show the 
distances at which the force acts on each vertebra. The 
same weight also acts upon any vertebra in curving the 
spine with a force proportional to the length of the 
horizontal Ime at that vertebra. Those vertebrse which 
he anteriorly to the line a c, are thus acted on in an 
opposite direction to those which lie posteriorly to it, 

Prom what has just been stated, it appears that in 
the erect posture of the spina) column, the vertebrae 
traversed by the line a c must resist a weight placed 
on the head with the greatest mechanical advantage; and 
that the sixth and seventh dorsal vertebrHc, which are 
the most remote from the line a c, must resist it with 
the least. Hence we may readily understand why it is 
that when the spine is mechanically incurvated in the 
mesial plane, it is so most commonly at this part. 
The line h c, perpendicular to the plane of the sacro- 
lumbar articulation, makes the angle X with the ver- 
tical equal to 38°; and F with the horizontal equal to 
52°; the sacrum with the pelvis, 5fi°; the lower mar- 
gin of the pelvis with the horizon, 6° ; and the pro- 
montory dee with the pubis Z, equal to 50° ; and 
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with these data the angle which the pelvis makes with'l 
the spine is found. The numbers in the column o 
ordinatea represent the distances, measured in inchea/l 
of the centre of each vertebra in the adult man from 
the line a c, of which those lying in front of the lineJ 
are marked with the negative sign. The numbers in i 
the column of abscissse denote the distances of each, i 
ordinate from the point a, the origin of the curve. Byl 
the help of these two columns, it will be easy to describe 1 
with accuracy the figure of the spine in its normal 1 
state, and in an adult person. 

The transverse section of the bodies of the vertebrs J 
is an oval, of whicli the length is to the breadth, inl 
some of them, uearly as 14 to 1. The greater axis iam 
directed transversely, or perpendicularly to the mesialll 
plane of the body in which the minor axis hes. Thel 
advantage of this figiu^ over a circular body of equd J 
area is, that it projects less into the cavities of thel 
thorax and abdomen, and affords more space for thee 
passage of the spinal cord. The spongy structure o 
the body diminishes its specific weight ; and thoughl 
less strong than solid bone, it is less susceptible aim 
fracture. The areas of the articulating surfaces of the | 
bodies increase from the second cervical to the last 
lumbar vertebra, so that the siu^'aces of the bones 
increase as the weight they have to sustain augments 
— an arrangement by which the stabihty of the verte- 
bral column is secured. In order to give the spongy 
parts of the bodies of the vertebrtB greater power to 
resist the action of the spinous and transverse processes. 
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they are furnished with a band of bard, elastic, lamel- 
lated structure : the same kind of material also enters 
into the composition of the processes. In consequence 
of the curved figure of the spiue, the articulating sur- 
faces of the bodies of the vertebra? are nearly all oblique 
to the horizon ; some are directed downwards, such as 
the last lumbar and lower cervical j others, as the lower 
dorsal, are directed upwards. In some, the posterior 
portion of the body is thicker than the anterior, as in 
the middle dorsal vertebrje. All these variations are 
necessary to the formation of the proper curve, as will 
be readily seen by inspecting the preceding figure. 

The atlas is destitute of a body and intervertebral 
cartilage, and is composed of laminated structure. It 
is articulated to the condyles of the occiput by a ball- 
and-socket joint, in such a maimer that the head cannot 
turn laterally without the atlas, nor the atlas without 
the head. The atlas, however, is articulated to the 
dentata in such a manner that it can rotate freely upon 
it through a large arc of a circle. This arises from 
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the articulating surfaces of the latter being portions of 
a conical surface {b b, fig. 4), whose axis, x x, passing 
through the odontoid process a, coincides with the 
axis of motion of the corresponding oblique surfaces of 
the atlas — an arrangement which is dissimilar to that 
of any succeeding vertebra. By means of the articu- 
lations of the atlas 



Fig. .'). 



with the occiput 
and dentata, the 
head can move 
backwards nndfor- 
wards in vertical 
planes through a 
large horizontal 
range. The den- 
tata cannot revolve 
5), in consequence of 
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the oblique articulating surface, bb, of the latter lying 
in one and the same plane, to which .r' is perpen- 
dicular, which line is inclined to the axis of revolution, 
x.r. In the dorsal vertebrie, the obli(^ue surfaces 
(fig. 6), b b, do not lie in the same plane, but are 
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directed so as to form portions of a conical surface 
about the axis of the body, r x, whereby they are 
allowed a certain amoimt of twisting action. lu the 
lumbar vertebrje (fig. 7), the oblique processes, ft b, 
are large, and their surfaces are excavated, and almost 
perpendicular to the upper surface of the body, so as 
to prevent any twisting or spiral motion whatever of 
the trunk about the axis, x x. 

We have seen why the vertebrse cannot revolve about 
the axis of their bodies except in a limited degree, and 
we have now to consider whether they have any shding 
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motion, aud also what takes place in bending the \ 
either backwards, forwards, or laterally. The vertebra 
cannot slide forwards, on account of the oblique pro»l 
cess of the next lower vertebra, nor backwards, owing 
to the inferior oblique process of the next superiMil 
unless these processes were to slide off from each other. -J 
That this cannot occur in anynatural posture of tlie spin 
is evident from the consideration, that if such an extei 
of motion in the processes took place, not only woul 
dislocation be the result, but the trunk would have iq 
degree of flexion far greater than that of which it i 
known to be capable in the healthy subject. Wit! 
respeet to sliding laterally, in the five lower cervics 
vertebrae there is very little opposition to a latera 
sliding at right angles to the mesial plane, from t 
circumstance that the surfaces of the oblique processt 
on both siiles are very nearly in the same plane, an^ 
therefore they are prevented from slipping off each oth&l 
in that direction chiefly by the several ligaments by ' 
which they are bound. In the dorsal, the surfaces of 
the oblique processes are rather inclined to each other, 
and therefore offer a greater obstacle to such lateral 
sliding ; whilst in the lumbar, the inclination of these 
surfaces is so considerable that the vertebrse are firmly 
locked the one within the other. It will be observed, 
that the situation of both the superior and inferioroblique 
processes precludes the possibility of their sliding dia- 
gonally. In bending the body either laterally, back- 
wards, or forwards, the figures of the vertebrsc presenl 
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no impediment to the rotation of the one about the other, 
the centres of motion being, in the first case, the base 
of the superior oblique process of the next lower ver- 
tebra ; in the second, the superior process of the next 
lower ; and, in the third, the compressed anterior por- 
tion of the subjacent intervertebral cartilage. These 
motions, however, are reduced within very narrow 
limits by means of the ligaments and muscles. 

In order to give the spine the requisite flexibility and 
elasticity, there is interposed between each pair of con- 
tiguous vertebrse, except the first and second cervical, 
a highly elastic fibrous substance — the intervertebral 
cartilage. The twenty-four verfebrte are consequently 
furnished with twenty-three cartilages. These yellow 
fibrous tissues have been minutely examined by E. H. 
Weber, by whom they have been described and figured 
in Meckel's Archives for the year ISil. It appears 
that each cartilage is composed of a bundle of fibres 
which are parallel to the axes of the bodies of the 
vertebrEc, and bound together by the membrane in 
which the spine is enclosed. When the body is in- 
clined forwards, these fibres are bent at the anterior, 
and straightened at the posterior margin of the articu- 
lating surfaces of the vertebrre ; the reverse takes place 
on bending the body backwards. With a view to 
estmiate the curvature and flexibdity of the spine, the 
Messrs. Weber have measured the osseous and carti- 
laginous portions of it. The curved figm'e of the spine 
depends principally on the unequal heights of the 
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anterior and posterior portions of the intervertebral 
cartilages ; and what is due to the bones, and what to 
the cartilages, is exiiibited in the following table, 
wherein the unit is a millimetre=003937 inch. The 
first colnmn contains the number of each vertebra 
reckoned from above downwards ; the second, the 
mean altitudes of the bodies of the vertebrae ; the third, 
the mean heights of the intervertebral cartilages ; the 
foui'th, the difference between the heights of the an- 
terior and posterior portions of each vertebree ; the 
fifth, the difference between the heights of the anterior 
and posterior faces of the intervertebral cartilages ; the 
sixth, the mean diameters of the cartilages. The signs 
+ and — denote the excess or defect of the anterior in 
relation to the posterior portion. 
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3. 


4. 


5. 


6. 
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0-00 


0-00 


0-0 


0-0 


00 
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31-50 


2-70 


+ 3-0 


+ 0-6 


14-7 


. 3 


13-20 




+ 0-8 




14-9 


J 




3-35 




+ 0-1 
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13-05 




-0-1 




14-2 


> 




2-65 




+ 1-3 
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13-10 








15-1 


" 




3-75 


-0-6 


+ 1-5 
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12-00 








15-9 






4-60 


- 1-0 


+ 1-2 
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13-00 








15-2 






3-45 


-0-8 


+ 0-1 






95-85 


2o-;o 


+ 1-3 


+ 7-8 
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1 


16-80 


3-40 


-1-0 


+ 0-8 


17-0 


2 


18-60 








19-8 






3-15 


-0-2 


-1-3 




3 


18-50 








21-3 






2-40 


-20 


-1-2 




4 


19-20 








21-9 






1-90 


-1-9 


- 1-8 
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19-85 








26-4 
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-0-7 
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-1-4 
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28-5 






3-15 


-1-5 


- 1-3 
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27-8 






4-30 


+ 0-3 


- 1-2 
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28-0 
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3-20 


-0-6 


-1-2 
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23-20 
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- 1-4 


-0-6 
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+ 0-7 
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23-80 
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4-70 
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29-1 
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28-15 
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29-1 
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+ 0-7 


+ 2-2 




26-75 


6-85 






29-3 


Wl 






+ 1-7 


+ 3-3 




5 


26-30 


8-65 
10-90 


+ 6-2 


+ 2-3 
+ 9-2 


29-5 

27-7 




135-95 


42-85 


+ 6-7 


+ 21-1 



By comparing the several amounts in this table, we 
see that in columns 4 and 5 the heights of the anterior 

D 
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and posterior sections of the bones and cartilages ii 
the cervical, dorsal, and lumbar regions are unequal 
the aggregate difl'erences being as follow ■ — 

Heights of Heighti of 



Ceiricttl - 
Lnmbar - 



22-5 
■ 27-8 



I 



From this estimate it is quite apparent that the 
spine can never became a straight column, that the 
cervical and lumbar curves are occasioned principally 
by the intervertebral cartilages, and the dorsal curve 
chiefly by the wedge-like figure of the bodies of the 
vertebrae; although, as appears from the table, the 
cartilages, as well as the bones, are thicker at the pos- 
terior part in the dorsal region. As the bodies of the 
vertebra: are inflexible, the flexibility of the vertebral 
column is derived entirely froia the compressibility and 
elasticity of the intervertebral cartilages, and a know- 
ledge of their three dimensions — namely, their length, 
breadth, and thickness — is necessary in order to enable 
us to estimate the relative flexibility of the cervical, 
lumbar, and dorsal regions. In the first column of tlie 
table, we see that the height of 



e cervical 
p dorsal 
le lumbar 



cartilages i 



foid the meaq diameter of the 



Cervical = 15 
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Therefore, if we assume the breadth of the cervical, 
«3orsal, and lumbar cartilages to he equal to their 
length, the surface of their hori?ontal sections in niilli- 
Mieters will be nearly as — 

OarrioaJ. DorBaL Lumbw. 



225 



6-10 



SO that when the cervical, dorsal, aiid lumbar portions 
of the vertebral column are curved witli equal forfc, 
their angles of flexion due to the elasticity of their 
cartilages will be nearly as — 



Hence we perceive that, under an e(|UHl force, the 
dorsal and lumbar portions of the spine possess very 
nearly equal degrees of flexibility, and that the cer- 
vical portion has nearly three times the flexibility of 
either the dorsal or the lumbar. The forte exerted on 
the cartilages of the lower portions of the spine must, 
however, be often, if not generally, greater than that 
on the upper, and this will cause the lower dorsal and 
lumbar cartilages to yield more in i)roportion to the 
cervical than is exhibited in the above calculations of 
MM. Weber: but the increjise of flexion from this 
cause cannot be very great. 

Mr. Skey appears to have entirely mistaken the 
relative degree of flexion of which the spine is suscep- 
tible : he observes, tliat " nature has given to tlic region 
of the loins the greater freedom of motion, because 
that portion of the bod) is midway between the head 
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and feet ;"• and, in certain positions, this tends, as he 
supposes, to give the body greater stability. Now, 
not only hns the lumbar region the least power of 
motion in the whole coUimn, but a greater mobility 
would have tended to render the movements of the 
superincumbent part unstable, and a pei-son in such a 
predicament would be what is vulgarly termed top- 
heavy. 

Mr. Harrison, on the contrary, has stated that mo- 
tion is more limited in the dorsal than in either the 
cervical or the lumbar vertebrae. We find, however, 
from the above calculations, that the fleidbihty of the 
lumbar and of the dorsal vertebrse is very nearly equal. 
The intervertebral cartilages would permit the bones 
to move freely upon them, but the quantity, as well as 
the direction, of the movements of the several verlebne 
is limited by the oblique processes, and by hgaments 
of the vertebrae placed obUquely. 

Lif/annnUs of the Spine. — The ligaments of the 
spine perform very important fmictions. It is well 
known that they serve to keep the vertebne linked 
together in a continuous chain, and they also determine 
the Hmits of their motions upon each other. Among 
the hgaments of the spinal column, the functions of 
those which connect the head with the atlas and dentata 
are of a more active kind than those of the succeeding 
vertebras. The ligaments of the spine possess great 
strength, and, in robust persons, are endowed wit^ 
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considerable elasticity. On the other hand, in persons 
of weak and relaxed constitution, their strength as well 
their elasticity is often much impaired ; for they admit 
of being stretched with much less force, and do not 
contract again with so much energy as in a healthy 
state. 

In the erect position of the body, the ligaments of 
the spine are in the state of least action, as are also 
the muscles, because in that position no stretching 
force is exerted either on the oblique articulating pro- 
cesses, or on the bodies of the vertebrse, and therefore 
the ligaments must be in a state of repose. The 
crucial ligaments being, as their name imphes, attached 
to the bodies, prevent their too great motion on the 
intervertebral cartilages, and also the too great hori- 
zontal or spiral movement of several of the vertebra 
on each other — a movement which would endanger the 
integrity of the capsular ligaments of the oblique articu- 
lating processes. The anterior and posterior spinal 
ligaments, like the cervical, connect the bodies of the 
vertebrae with each other, and limit the bending of the 
spine backwards. These ligaments are of great strength ; 
which is the more recjuisite, because there are no bony 
processes which serve immediately to keep the bodies 
of the vertebrse from rotating on each other. 

Effects of equal and of uneqtial pressures on the 
intervertebral substance. — When the trunk has been 
kept in the erect posture during the day, an adult man, 
of middle stature, loses about one inch of his height, 
which he does not regain uutd after having remained 
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some liouis in a recumbent position. Six or eight 
hours will Bctnmplish this effect, according to ordinary 
observation ; but how much less time will suffice, has 
not, at least to my knowledge, been accurately ascer- 
tained. As the united thickness of the intervertebral 
substances in an adult man is about 3'875 inches, it 
must lose nearly one-fourth during the day, and regain 
it during tlie night . and if each intervertebral cartilage 
gained or lost an equal portion, the variation in each 
Would be equivalent to ~ = 0*168 of an inch. In 
consequence, however, of the unequal thickness of these 
cartilages, this is not an exact estimate. Tliat the 
intervertebral substance is compressible, and that it 
does not return to its former state immediately after 
any long-continued compression, are well-established 
facts. It differs, therefore, not only in structure, but 
also in function, from inorganic elastic matter, which 
returns, after long compression, to its primitive state, 
when the compressing force is removed. 

It has been shown that the normal curves of the 
vertebral column are due to the unequal heights of the 
vertebrae and cartilages, and, consequently, every ab- 
normal state of the figure of the spine nmst result from 
some change in one or both of these parts. Owing to 
the special adaptation of tlie figure, and disposition of 
the articulating surl'aces of the bodies of the vertebrse 
to those of the intervertebral cartilages, the latter are 
compressed equally in the erect position only, and it is 
in that position only that they can sustain the gi-eatest 
amouut of pressure, because the entire force is then 
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distributed over their whole surface, and each part of 
the cartilage sustains its proper share of the load ; but 
in every other attitude of the trunk the cartilages are 
unequally compressed. For example : when any two 
vertebrae move freely on each other in any direction, 
forwards, backwards, or laterally, the articulating sur- 
faces of the bodies of the vertebrse, on that side to 
which the trunk inclines, approach each other, whilst 
those on the opposite side recede from each other. 
Hence it is obvious that, whenever the spuie is curved 
in any one direction, some portion of the intervertebral 
substance beai-s a larger proportion of the whole com- 
pressing force of the superincumbent organs than the 
rest; and, if such unequal distribution of the force be 
long maintained, it must tend to derange the func- 
tions. We have seen that when the intervertebral 
I cartilages have been subjected to continued pressure, 
they do not instantaueously recover their primitive 
condition. From this it may readily be inferred that, 
if the surface of the cartilage has been unequally acted 
on by a force applied day after day for some time, it 
will become so much compressed in one part, and 
expanded in the opposite, aa to assume a new figure, 
adapted to the abnormal attitude which gave rise to 
its unequal compression. In fact, it becomes diseased 
by the influence of simple mechanical compressioDj 
independently of other causes. The intervertebral 
, cartilages having thus been made to assume a new 
[ figure, occasion deformity of the spine, and are indeed. 
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ill all probability, the usual seat of lateral distortion, 
when it is merely of a mechanical character. 

Effects of equal and of unequal pressures on them 
vertebree. — The bodies of the vertebrse being chiefly! 
composed of reticulated structure, are raore yielding, I 
more vascular, and less elastic, than those bones which I 
contain a greater proportion of the earthy constituentsJ 
common to bone in general. It has been shown that] 
the elasticity of bone varies with the greater or less! 
proportion of the earthy to the animal matter, and that I 
when the latter greatly predominates, the bones lose"! 
their elasticity altogether. The persons who are most I 
prone to suffer from distortions of the spine are those I 
in whom the whole osseous system has the least pro- 
portion of earthy matter consistent with a healthy 
though dehcate state of constitution. Now, as in such 
persons the long bones of the legs are scarcely capable 
of supporting the frame, it naturally follows that the 
bodies of the vertebrse, having a smaller quantity of 
earthy matter in their composition than the former, 
and being consequently weaker, must suffer from the 
effects of pressure in a still greater degree. In many 
such persons, while yorng, and growing rapidly, the 
bodies of the vertebrte, having only a very low degree 
of elasticity, become compressible, like the interver- 
tebral cartilages, and, hke those bodies, when unequally 
compressed, do not readily regain the normal state. 
Such persons may therefore become deformed from 
purely mechanical causes, and this may take place by 
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an alteration in the figure either of the cartilages, or ol' 
the bodies of the vertebne, or of botli. That distor- 
tions actually do arise from the causes here assigned, 
we have abundant opportunities of verifying, by in- 
specting the condition of the cartilages and bones of 
many preparations of the vertebral column in ana- 
tomical museums. 

The annexed figure, for example, is a specimen of 
lateral curvature of the spine, selected for the purpose, 
from the Hunterian Museum, and in this case the 
Fig. a. 
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whole column participates in the distortion. In thie 

figure it will be obsened that the articulating surfaces 
of all the vertebrae, from the last lumbar to the first 
cervical, except that of y, instead of being perpen- 
dicular to the mesial plane, are oblique. It is obvioi 
that depression of the articulating surface of the third' 
and fourth lumbar vertebrse towards the right side, 
would throw the head into the line .r' r', and that a 
similar depression of the articulating surfaces of any of 
the superior vertebrae would increase the incUoation of. 
the head in the same direction ; so that, without great 
muscular effort, this person must liave been unable to 
stand with the head in either of these several positions, 
even if he could stand at all. To prevent this waste 
of force, the muscles on the left side were called into 
increased action, by which the trunk was drawn, 
towards that side, in order that its centre of gravi^j 
might be restored to the vertical line x c, and thuS' 
preserve the equilibrium of the body. During this 
|)eriod of unequal action, the bones and cartilages were 
unequally compressed ; certain portions of them on the 
left aide were absorbed, and the bodies of the vertebne 
themselves took a wedge-like form, in order to allow 
the spine to assume that figure which, according to 
inet'.hniiicnl livws, it ought iu such a ease to present. 
In (Misequence of the mngnitude of the dorsal cur- 
valuiHj, the ribs on the right side are brought very 
nearly into juxtaposition with tlie spine ; they nmst, 
lln'rclom, linve pressed on the respiratory organ, and 
dcd the inflation of the right lung. Iti this case 






THE VERTEBRAL COLUMN. 43 

there are no traces of serious disease in the spinal 
column, and the distortion appears to have arisen from 
the n^lect of proper treatment in the early stages of 
the complaint. It is a case compounded of unequal 
pressure on the intervertebral cartilages, softening of 
the bodies of the vertebrae, and, consequently, of un- 
equal muscular action, all arising from a disturbed con- 
dition of the mechanical and chemical forces which act 
on the body in its normal state. 
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THE MUSCLES. 



Muaclcs ; their tonicity or oontraccility ; volnme constant in 
different stages of their contraction ; power of musclea ; weights 
of the exteoBora and flexors compared ; muscles have no 
intrinsic power of elong»tioa ; may be elongated mechanically ; 
effecte of standing during lengthened periods ; effects of change 
of attitude ; powers of extensor and flexor muscles compared. — 
Quantity of nervous action expended dependent on the nervous 
system. — Myotomy and Tenotomy. — Parahsis. — Spasm. — 
Section of mtucles and tendons an irrational practice. 



The muscles have long been regarded as one of the 
causes of distortions of the spine and limbs. It will 
be desirable, therefore, to investigate how far this hy- 
pothesis is consistent with what is known respecting 
the properties of muscles in repose and action, and the 
conditions to which they are subjected by elongation 
and contraction. It is well known to every physio- 
logist, and to every practical surgeon who has paid 
attention to the subject, that all muscles, when in a 
state of repose, are also in a state of passive tension, 
and that, however relaxed they may be by the position 
of any portion of the body, they will, if cut across, 
become still more contracted. This property has by 
some authors been termed loiiicity, by others, relrac- 
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t'l'Uy. If a limb be kept constantly beiit, and the 
ends of a set of muscles be kept nearer to each other 
than they would be when the limb is extended, it is 

observed that the passive force which is always inherent 
in living muscles will cause tbera to diminish in length. 
Bud to become permanently contracted. If the flexion 
of the limb is only temporary, and the repose of the 
muscles in their new position short, they lose, for that 
period of repose, only a portion of one of their dimen- 
sions, — namely, their length, and gain a proportionate 
augmentation of their two other dimensions of breadth 
aud depth ; for, during the voluntary contractions of 
muscles, their total volume remains constant. But 
this applies only to the action of muscles in the healthy 
movement of the limbs ; for if, from any unnatural 
positiou of the body and want of exercise, a muscle is 
kept unduly shortened, it diminishes in depth and 
breadth, as well as in length, and loses also a portion 
of its power. The powers of muscles are in proportion 
to the areas of their corresponding transverse sections, 
and at the rate of about five hundred pounds for every 
square inch. According to MM. Prevost and Dumas, 
the muscles are capable of contracting about 0*33 of 
their length, or nearly one-fourth, a range which is 
sufficient to produce all the motions and positions ob- 
served in animals. The comparative powers of muscles, 
according to Borelli, may be thus estimated. 

1st. When two muscles are composed of an equal 
number of fibres, or are of equal thicknesses, but of 
unequal lengths, they will suspend equal weights ; but 
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their motor powers, and tlic heights to which they i 
capable of raising the weights, will be as the lengths o 
the muscles. 

3nd, AVhen tlie lengths of the muscles are equi 
and their thicknesses unequal, their relative powers \ 
depend on the latter ; but they will raise weights, 
portional to their powers, to equal heights. 

3rd. When the lengths and thicknesses of muscleB'] 
are imequal, the weights which they will raise wiB ' 
depend on their thicknesses, and the heights to which 
they will raise them will be as their lengths. When 
the fleshy fibres of a muscle He parallel to the tendou, 
the space through which they will draw it is equal tcva 
the contraction of the fleshy fibres ; but when they ar8-I 
inserted obliquely into the tendon, the space through.! 
which they will draw it will vary with their inclination. , 
From the researches of the Professoi-s Weber we lean 
that the weight of the extensor muscles of the trunk a 
lower extremities generally predominates over that i 
the flexors. Their proportions in the legs of two well- 
formed healthy subjects were found to be as 

2403-2 + ^' : 810-3 + '^' = 2913-75 : l320-8.i, 

or as 1 1 to 5 in favour of the extensors. The weights 
of those muscles, which perform the double office of 
flexion and extension, according as either end becomes 
the fixed point, are halved ; but, if these be omitted, 
the proportion then becomes, 240;i'2 ; S103, or 
nearly as 3 to 1. The weight of the extensor mus- 
cles, when compared with that of the entire leg« 
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is in the proportion of 5 to 9 ; when compared 
u-ith that of the whole of the muscles of the leg, 
includiTig both extensors and flexors, it is as 3 to i. 
Borelli has given approximate values of the powers of 
a great number of the muscles of the human body, 
from which we select a few computations, that will 
convey an idea of the enormous amount of their abso- 
lute power, and the large proportion of it which is pro- 
vided in order to gain velocity. Borelli states that the 
whole force expended by the muscles of the arm, when 
stretched horizontally, is 209 times greater than that 
of any weight suspended at its extremity, and that the 
force of the biceps, compared with that of the brachiahs, 
is as 3 to 2'6, or as ]5 to 13, and their absolute forces 
as 300 to 260. He estimates the force of the deltoid 
as 61600 pounds, the sum of the forces of the inter- 
costal muscles at 32040 pounds, and of the glutsei at 
875430 pounds. The extensor muscles of the hip, 
knee, and ankle-joints, have also a large proportion of 
their power designed to produce velocity. 

Such being the law regulating the power of muscles. 
We need not be surprised that persons labouring under 
an atrophied state of a lunb find it accompanied by 
extreme debility, arising, not only from vital, but from 
mechanical causes. It must be borne in mind, that a 
muscle has the power of contracting to a gi-eater or 
less extent, but no power of elongating itself A mus- 
cle, however, may be elongated by means of a certain 
amount of stretching force, if continued a certain period 
of time, varying according to circumstances. From 
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these principles we may deduce considerations which 
are extremely important when applied to the treatment 
of deformities in general, and especially of those in 
which the muscles are supposed to exercise any control. 
In the erect posture, the head, neck, and trunk, with 
all its appendages, are kept poised on the heads of the 
femurs by the vigilance of the muscles ; and it will be 
shown that there is no position in which all the muscles 
acting on the trunk take their proportionate share of 
action so nearly as when the body is in the perfectly 
erect attitude. Any movement produced by curving 
the spine either forwards, backwards, laterally, or ob- 
liquely, out of the erect position, tends to elongate one 
get of muscles, and increase their quantity of action, 
whilst their opponents are shortened, and deprived of 
their proper share of action as long as the new position 
is maintained. It will be shown in a subsequent chapter 
that the erect position of the body is that in which 
there is the least expenditure of muscular action ; it 
therefore follows that some of the muscles must act at 
a mechanical disadvantage whenever placed out of this 
attitude ; but, as any constrained attitude is irksome if 
much prolonged, a transfer of action from one set of 
muscles to another is attended with a sensation of ease. 
Por these reasons it is found that standing a long time 
is attended with a much greater feeling of fatigue than 
walking at a moderate pace, although the latter requires 
a far greater expenditure of muscular force. Again, 
as standing or sitting with the trunk perfectly erect, 
soon becomes wearisome, the body is often suffered to 
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bend in some other direction, and very frequently for- 
wards, because in that direction tliere is a greater feeling 
of security, and the muscles which extend the trunk 
are always more powerful than those by which it is 
flexed. Old persons, who often tnke but little pedes- 
trian exercise, are observed to oscillate the trunk either 
backwards and forwards, or laterally, and in this 
manner alternately transfer the action of one set of 
muscles to their opponents. This kind of motion being 
accomplished with little expenditure of force, releases 
the system, with scarcely any exertion, from the weari- 
ness of a continued position in one attitude ; and the 
muscular forces employed in the action and reaction 
being equal and opposite, no distortion of the figure 
results. The fatigue experienced after long standing 
in the erect position appears to have attracted the 
attention of military men, and to have given rise to the 
order, " Stand at ease." By this change of position, 
there is necessarily a transfer of action in the nmscular 
system ; but the ease experienced does not arise from 
this position being that of least muscular action, but 
from the extensor muscles, which are by far the 
most powerful, being called into action. It has been 
shown that the weights of the mus<:les which extend 
the trunk and lower extremities greatly predominate 
over those whicli bend them ; and it is manifest that 
for equal lengths the transverse sections of the heavier 
muscles will be greater than those of the lighter, sup- 
posing them to be of equal density, and of equal lengths 
of tendon ; and consequently the powers of the heavier 
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iniipcles will be proportionnbly greater, ^¥[\en the 
whole body is taken into account, the weights of all 
corresponding parts of persons of similar figure are aa 
the cubes of their heights ; but since tlic power of the ■ 
muscles to raise a given weight depends on the number 
of their fibres, their force must vary in the ratio of tlieir 
transverse sections ; that is, as the square of the heights 
of the persons. From this we see why the strength 
of persons does not increase in proportion to their bulk ; 
for, if the weight of the person increases as the cube, 
and the muscular power as the square, it follows that 
the weight increases much more rapidly than the 
power, and consequently a small man is stronger, in 
proportion to his size, than a large one.* Ttic powers 
p-„ ^ of the extensor and flexor mus- 

cles of the limbs are always 
unequal; and in most in- j 
stances, except in the case of ^ 
the forearm and hand, the 
extensors are not only stronger, 
but also act at a greater me- 
chanical advantage. Such is 
the case with the muscles which 
act on the hip, knee, and ankle^ 
joints, in which the distance 
of the force of the extensors 
from the axes of motion is 
greater than that of the flexors. 
* This ie Straus-Durckheim's view, but it only applies to the \ 
production of motion, wjtliont reference to its quantity. 
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For example : in the knee-joint, (fig. 9), a v, the dis- 
tance of the direction of the force of the extensors from 
the axis of motion c, is greater than tliat of the flexors 
h e ; and, in like manner, in the ankle-joint {fig. 10), 
6 c is greater than a d. 

Fig. 10. 




From these considerations it may easily he seen, 
that a haJauce hctween the powers of muscles cannot 
be maintained by these muscles alone, and that the 
limbs can be kept in a state of equilibrimn only throngh 
the agency of the nervous system ; but how the nervous 
force is directed to keep the different parts in equihhriura 
is hitherto unknown. Independently of the mere func- 
tional contraction of muscles, already described, arising 
from the nearer approximation of their points of inser- 
tion, they may also be contracted either by spasm or 
paralysis, and distortions may be the result. When 
the spinal cord is the seat of irritation, the effect pro- 
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(hiced on the muscular system dupciids on the position 
of the parts irritated. If the motor cohiran of the cord 
be transiently compressed in any portion of its length, 
spasmodic contractions of the muscles connected with 
that part take place ; but if it be compressed perma- 
nently, paralysis, accompanied by deformity, is the 
consequence. When the contraction is spasmodic, as 
in cramps and transient local irritation, the deformity 
produced is always in the opposite direction to that 
which arises from paralysis, and the proper treatment 
of the disease is, in like manner, of an opposite kind. 
In spasm, the contracted muscles violently overcome the 
force of theii" opponents ; and the effect upon the limbs 
is similar to that which is produced by the same mus- 
cles in their normal state, but in excess. When the 
muscles are affected by paralysis, they lose their normal 
powers, and their opponents, being unresisted, draw 
the limbs in a manner directly the reverse of what takes 
place in the former case ; so that difl'erent affections of 
the same nerves may produce opposite distorted con- 
ditions. Some authors have imagined that distor- 
tions of the spine arise primarily from irritation of 
the spinal cord ; but a careful investigation of cases 
tends to show that the spinal irritation is more usually 
the effect than the cause of distortion. If the irritation 
be in the posterior column of the spinal cord, the dis- 
turbance of the nervous system is greater, and the 
effect on the muscular system less ; and our diagnosis of 
these complaints ought manifestly to be founded on a 
knowledge of the influence exercised by the several 
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poitious of the spinal cord on the ranscular and seutieot 

systems. 
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It has been stated that a contracted condition of the 
muscles may ai-ise from three different causes ; the first 
mechanical, depending on abnormal attitudes, and 
occupations tending to disturb the relative proportions 
of muscular action in different parts of the body ;- — the 
second depending on deranged actionof thespino-cerebral 
system, indncing spasmodic contraction of the muscles ; 
— the third depending on a diseased state of the spiuo- 
cerebral system, producing a paralytic condition of the 
muscles. Hence it is evident that, as the causes of 
deformity are essentially distinct in their character, the 
remediea cannot be of one kind. Those cases of mus- 
cular contraction which depend on mechanical causes 
I require mechanical means of treatment. Among the 
' various methods proposed for this purpose, let us first 
consider the objects sought to be obtained by the ope- 
rations of myotomy and tenotomy, and the effects really 
produced by tlicm. Surgeons, more especially of the 
I German and French schools, finding it difficult to 
stretch contracted muscles, have adopted the plan 
I irf cutting through the muscles themselves or their 
litendons. By this means the parts held by the 
[muscle are released, and it is found that after a longer 
[ or shorter time the fleshy or tendinous portions re- 
[■ unite, although the points of attachment ai'e at a greater 
I distance than (liey were before the operation ; they 
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have therefore become elongated. Wlien tlie tendon 
of a muscle is divided, the instant the section is com- 
pleted the segments recede from each other with great 
force ; the interval between the divided parts depend- 
ing on the length of the muscle, and the distance 
between its points of attachment after the operation. 
This is deducible from the theory of Borclli, Provost, 
and Dumas, and is also known by experience. 

It may readUy be understood how the divided por- 
tions of tendons are separated, but by what process 
they are again united with elastic fibrous tissue Ls not 
very easily demonstrated, In the Pathological Collec- 
tion of the Royal College of Surgeons there is only 
one case (which was presented by Mr. Tamplin) 
of divided tendons having been united with true 
tendinous fibrous tissue. It is probable that the 
tendon recovers its original strength, but not so the 
muscle ; at least, such is the opinion of many of the 
French surgeons, who say that the muscle so mutilated 
loses a portion of its force. This may easily be under- 
stood to be the case from the experiments of Schwann, 
who observed that the force of a muscle is at a maxi- 
mum when it is in its greatest elongation, and at a 
minimum when it is in its greatest contraction ; so that 
the forces of muscles, in ditferent stages of their con- 
traction, vary in some way directly as their lengths. 
Now, as the muscles, after their division, become 
shortened, and have no power to elongate themselves, 
their union must take place by the production of new 
matter, which fills up the interval between the divided 
parts. By this means the muscles are lengthened 
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witliout beiug stretched, and do uot acquire tlie tonicity 
aud extension of their normal state ; and lience their 
loss of power. Malgaigne relates a case in which a 
corpulent man, while dancing, ruptured the fendo- 
flchiUis, and on the next day, before he was subjected 
to siu-gical treatment, walked six miles, though with 
pain and difficulty. He remarks that now myotomy 
is become as common as the opening of an abscess, 
and is employed, not only in club-foot, but also for 
fractures, dislocations, coutractious, &c. It is a point 
of great importance to ascertain the effect of the divi- 
sion of the tendo-achillis on progression. It is said 
that a person can walk after the tendo-achilUs has been 
lengthened by the operation of tenotomy, an inch and 
a half or two inches ; but Malgaigne observes that the 
question is, not whether they can walk under such 
circumstanees, but Iiotu they walk. If the attention 
is directed to the action of the foot in walking, it will 
be observed that the heel is raised by the tendo-achillis 
in slow walking, as in fig. 11; in quick walking, 
as in fig. 12; aud in quickest walking, as in 
fig. 13. In each of these cases, the length of the 
step ia proportioned to the elevation of the heel, 
and therefore, if after the operation the muscles 
which raise the heel are too long, the power of the 
legs in progression wdl be unequal, the speed will be 
diminished, and the gait in walking will be altered. 
Such is the efiect of an over-elongated state of the 
extensor muscles of the foot. 

In memoirs read before the Academio Royale de 
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Medecine de Paris, M. Guerin stated that he had 
divided at a sitting forty-two tendons and muscles, in 
a young man aged twenty-two ; and in a young girl 
he divided at one tim^ thirteen tendons : he ulso made 
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a statistical return of 155 patients treated for dofur- 
initicB by him at the H6pital des Etifaus Malades, of 
whom twenty-four were completely cured, twenty- 
eight relieved, fonr not relieved, one dead, and ninety- 
eight either under treatment or lost sight of. He 
stated that he liad made 500 subcutaneous sections 
without producing any inflammatory action, or other 
injury, and that he had obtained the most satisfactory 
results from dividing the sacro-lumbahs and longissi- 
mus dorsi muscles, in curvatures of the spuie. In 
order to ascertain the truth of these statements, Mal- 
gaigne investigated the condition of the patients placed 
under M. Guerhi's treatment ; and in a memorial 
addressed to thi! Academy* reported that, of the twenty- 
four cases described as couvalesceiit, he could not find 
one that was permanently cured ; that others, instead 
of being improved by the operation, were decidedly 
injured ; aTid he detailed the cases in which this had 
occurred. This provoked a discussion in the Academy, 
of a violent and acrimonious character, and a commis- 
sion was appointed to iuvestigate the matter. The 
surgeons who were charged with this inquu'y reported 
that the statements of Malgaigne were very exact, that 
M. Guerin had not succeeded in completely curing 
curvatures of the spuie, and that spinal myotomy 
would prove a useless, if not a dangerous method of 

* H^molre sur la Taleur reeile de I'Orthopedic, et sp^citdemeol 
de la Myotomie rachidieuae dans le traitement des deviations 
lateialeB de Tepine: par M. Malgaigne. — Comptes Rendua, 
torn. xiii. 15 Avril, 1844. 
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treatment. They stated, moreover, that they had 
never witnessed any good effects from dorsal my- 
otomy.* 

Malgaigne and Boiivierf contend that uot only is 
the division of the sacro-lumbalis and longissimus 
dorsi muscles not attended A^ith any advantages, but 
the latter, on the contrary, maintained, very rationally, 
that the muscles in question are constantly required 
for the movements of the trunk, and that there is no 
advantage to he gained by their section which cannot 
be obtained by other means, — an opinion which ought 
to meet \rith the concurrence of everj' practical surgeon 
pretending to scientific attainments. An opposite 
view, however, is taken by some who recommend the 
'ision of the tendinous portion of the sacro-lumbalis 
id longissimus dorsi, for the relief of lateral curva- 
tures of the spine ; although one of them (Mr. Skey) 
appears to be well aware that the contraction of these 
muscles is the effect, and not the cause of the mischief, 
and therefore very properly mistrusts the utility of the 
operation in the majority of cases. 

To prove the utihty of the subcutaneous section of 
muscles and tendons, it is not enough to show that the 

* Goerin Btill maintains tliat there is An advantage in the 

xration of myolomy in lateral curvature of the spine, and con- 

'tends that the authorities of Messrs. Braid, Whitehead, Laycock, 

Child, Cocks, Robert Hunter, in Engknd, and MM, Klein, 

Nieumann, Dieffenbach, Haller, Hein, and Behreod, in Germany, 

e quite sufficient to hnlauce that of Mnlgaigne. 

X Archiv. Gen. de Med., Aoi'U 4, 1843. 
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opemtioD may be pcrforuied with little paiji, and 
trifling danger ; altliougli the truth ia, that it is not so 
free from danger as Gu6rin and others suppose. The 
posterior tibial artery has been wounded in dividing 
the teudo-achilhs, aud the internal plantar artery in 
dividing the plantar fascia. In both cases abscesses 
formed, aud it was ultiiuately found necessary to tie 
the arteries. A case showing the danger of cutting 
paralysed muscles is recorded by Mr. B. Phillips; — 
namely, that of a girl aged eleven years, who was para- 
lysed, and had all her limbs contracted, but was able 
to balance the trunk, and rotate it backwards, forwards, 
and sideways. Mr. Phillips says, that Malgaigne,* 
following the example of others, cut the refractory ten- 
don, when all the limbs became straight and rigid, like 
an iron bar, with the arms lying close to the trunk. 
The child lay on her bed like a corpse, the head alone 
retaining the power of moving, and was consequently 
deprived of those limited movements which she pre- 
viously enjoyed. 

The Acadeuiie Royalc de Medecine presented to 
MM. Stromeyer and Diefl'enbach the sum of 5,000 
francs ; to the first, for having executed the operation 
for strabismus on the dead subject, and to the second, 
for having successfully practised it on living persons. 
It would be more desirable to olFer double that sum 

* Sur I'abuB et le danger dea sections teudineuBea et muscu- 
laires dans le traitement de certainea difformiteB. (Extroit d'uoe 
note de M. Malgnigne). — Comptea Kendua de TAcadeinie dea 
Sdencea. Paris, 19 Fevrier, 1644. 
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for the discovery of the means uf curing stnibismus 
without the section of muscles and tendous ; and wo 
ought not to despair of attaining this end, seeing that 
the preseut practice is lUrected against eifects, or at 
least against secondary instead of primary causes. 

As muscles are incapable of elongating themselves, 
and, although they oppose great resistance to being 
stretched, are nevertheless susceptible of elongation, it 
becomes an important subject of inquiry whether some 
mode of producing this effect may not be practicable, 
without the necessity of subcutaneous sections. If a 
rauscle is stretched by any force for a short period, it 
becomes contracted again as soon as the force is re- 
moved; but if the force is long applied, the muscle 
will not regain its primitive condition until after a lapse 
of time of greater or less duration, to be detennined by 
future experiment. Now there are, it is true, some 
organs so constituted, and some muscles so situated, 
that it is either difficidt or impossible to apply a force 
sufficient to effect the object in view. Amongst the 
difficult but not impossible cases may be mentioned 
that of torticollis, in which the sterno-mastoid muscle 
offei-s a considerable resistance to any stretching force 
that can be conveniently applied : amongst the impos- 
sible cases may be ranked strabismus, in which myo- 
tomy is at present found necessary, because the texture 
of the eye precludes the application of any force to it. 
When, however, the contracted muscles are situated in 
the back and lower extremities, we have ample means 
of promoting their extension ; and in these eases, what 
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excuse is there for dividing muscles and tendons vvhicli 
are only contracted uieclianically ? Is it rational to do 
this merely to lengthen them, when it is found that 
the same end can be iicconiplished by other and simpler 
means ?* 

When muscular irritation arises from some disturb- 
ance of the nervous system, to make a sectiou of the 
affected muscles is obviously to attack the ('ffec(, and 
not the cause of the malady, and from such practice 
no good can be expected. In cases of partial paralysis 
of the limbs, the contracted side ia always the healthy 
one, the partial contraction being occasioned by the loss 
of power in the muscles of the other side. If under 
such circumstances the healthy muscles be divided, as 
their opponents have lost their power, it ia quite cleai- 
that the limb thus maltreated must, at least for some 
time, be motionless ; and to divide the muscles on the 
paralysed side would be still more absurd. In a para- 
lytic girl aged fourteen years, Gnerin cnt twenty 
tendons, and these mutilations were only terminated 
by the resistance of the patient ; but, according to 
Malgaigne, no relief followed the operation ; the dclbv- 
mity remained as great as before, added to which, pains 
in both knees, about the level of the section, super- 
vened, and the patient was deprived of the power of 
using her needle. 

On a careful and rigid examination of the subject of 

* Dr. Little recommends llint when a raiiBcle is (oo long, a por- 
tJan of it should he cut out, and tlint when it is too Bhort, it 
•hould be cut through.— See Lancet. 
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myotomy and tenotomy, it appears that these opera- 
tions cannot, in the majority of cases, be deemed expe- 
dient for the purpose of curing deformities, as nothing 
can be obtained from them which may not be effected 
by other and less objectionable means. The excepted 
cases, if any really exist, are strabismus, and other ana- 
logous affections; but even these are to be regarded 
with great suspicion. The best surgeons of the French 
school have already decided against the practice, and 
few of our most eminent English surgeons adopt this 
empirical plan of mutilating the body. 



CHAPTER IV. 



MECHANICAT, CAUSES OF DISTORTION, 

Effects of occupation. — ^Laleral curvatures of the spine referrible 
to the necesatty of the bodv obtyiug the Iaws of equilibrium, 
and movementB of bodies in general.— D' Ale mbert' a principle. 
Position of the centre of gravity determined ; solution of the 
problem of the masimum base of support in a given position ; 
effects of weight on the attitudes of the body ; effects of the 
use of the common wooden leg, and also of the improved 
wooden leg. 



Amongst the numerous occupations tending to distort 
the spine, moy be mentioned tho3e of watermen, 
waiters, harp-players, porters, and the London milk- 
men ; to which may be added, unequal lengths of leg, 
wooden legs, crutches, &c. In almost all cases of 
lateral curvature resulting from mechanical causes, the 
■ altered form of the spine arises from the necessity that 
^exists for the maintenance of equilibrium in all parts of 
ftlie body under every change of posture, or application 
rof extraneous force. All attempts to restore the figure 
, by any other method than that of counteracting the 
disturbing force that has given rise to the deformity, 
must therefore necessarily fail. This being the prin- 
ciple on which the theory of the causes and treatment 
of such distortions is founded, we should endeavour to 
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obtain a clear notion of the conditions requisite for the 
equilibrium of the IkmIv under diflferent ciraimstances. 
The various attitudes which the several parts of the 
body are compelled to assume in order to keep it in a 
state of equilibrium in different positions, are all re- 
ferrible to the place of the centre of gravity, which 
must always be situated in a vertical line, passing 
within the base of support. If this fact, together with 
the effects of extraneous forces acting on the body, 
had been sufficiently studied by surgeons generally, the 
methods now adopted for the cure of distortions of the 
spine would never have been introduced. 

When the body is acted on by any extraneous force 
or forces, the conditions necessary for a state of equi- 
librium are comprised in the following theorem.* In 
whatever manner several bodies forming a system 
change their motions, if we conceive that the motion 
which each body, were it quite free, would have in the 
succeeding instant is decomposed into two others, of 
which one is the motion which it really takes in cousct 
quence of the mutual actions of the whole system, the 
second must be such that if each body were impelled 
by this force alone (that is, by the force which would 
produce this second motion), all the bodies would 
remain in equilibrio. To find the distance of the head 

* This is the celebrated principle of D'Alembert, by means of 
which all questions of motion are reduced to those of equilibrium. 
It supplies a direct method of throwing dynamical problems into 
equations, and the diflfilculty is thus reduced to the solving of 
problems in pure mathematics. 
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and feet from the ceotre of gravity of the human body 

iu a horizontal position, it is merely necessary to balance 

the body placed upon a plane a A, on a triangular prism 

Fig. 14. 




d «, as in fig. 14 ; then draw a line on the plane close 
to the edge of the prism ; again balance the body in 
another position, and draw a line as before : the vertical 
line passing through c, the point of intersection of 
these lines will pass through the centre of gravity. After 
tiie plan of Borelli, Weber balanced a plank across a 
horizontal edge, and stretched upon it the body of a 
living man ; and when the whole was in a state of 
equilibrium (in which the method of double weighing 
was adopted), he found, by accurate measurements, the 
total length of the body — 

1669-2 = 65716404 
The distance of the centre of gravity below the 



721-5 = 2S40.'i455. 
Above the sole of the foot — 

947-7 =37-310949. 
Above the transverse axis of the hip-joints — 
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Above tbe promontory of the sacrum — 



87 = 0-341519. 
As the horizontal plane of the centre of gravity lies 
between three-tenths and fonr-tenths of an inch above 
the promontory of the aacrura, it must traverse the 
sacro-lumbar articulation, which is also intersected by 
the mesial plane, because the body is laterally sym- 
metrical ; but, in order to determine exactly the po- 
sition of this centre, MM. Weber balanced the body 
on the edge of a triangular prLsm in the erect posture, 
and let fall a plumb-line on each side, immediately 
over the prism, as seen in fig. 15. lu this manner they 



Fig. 15. 



found that the plane meeting the two 
plumb-hnes would, Uke the two former 
planes, intersect the sacro-lumbar articu- 
lation ; and consequently, the point where 
the two former planes meet the latter 
is the centre of gravity in man. It wUl 
also be observed that the plane meeting 
the plumb-lines bisects simultaneously 
the occipito-atlantic, the sacro-lumbar, 
the hip, knee, and ankle-joints, and that 
consequently all the corresponding parts 
of the body are balanced upon the axes 
of their respective joints, and must there- 
fore be in a state of equilibrium, wherein 

— yp- the least amount of muscular action ia 

■^ — ^*° sufficient for their support. When a man 
stands erect, a plumb-line passing tlirough his centre 
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of gravity will fall between his feet. It is a subject 
of mathematical investigation, when the feet are equally 
advanced and equally iuclined, as in fig. 16, to deter- 
mine the aDgle a b e, wliicfa they must form with the 
Fig. 16. 
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prolongation of the hne joining the heels in order to 
afford the greatest base of support. In general, where 
the legs arc perfectly vertical it will be found that the 
line joining the centre of the heels is just equal to the 
length of the foot, and in this case the required angle 
will be 60° exactly. As the heels approach each other, 

kthis angle diminishes ; and, when they are close together, 
it is reduced to nearly 45°.* 
* It is evident that, if it were required to find the greatcet base 
to oppose BD overthrow from behind in the meHial plane, the feet 

I mast be at right angles to (/ d, and if to prevent a lateral over- 
throw, the feet muat be in the line 6 d, produeed each waj, 
Eence it must be understood, that the maximum base found above 
ia not always the most advantageous position to withstand a shock 
in one given direction. 
Fig. ir. 
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Effects of attitudes. — In all persons, but more 
especially in those who have a delicate constitution, the 
act of standing for lengthened periods in the erect 
posture is accompanied by a sense of weariness, and a 
new position is sought, which gives ease by the transfer 
of action from one set of muscles to another, as explained 
in Chapter III. ; hut this new position is such as often 
to be prejudicial to the figure. If, for instance, one of ■ 
the legs is bent, the weight of the body is transferred to 
the other. To effect this, the trunk is rested upon the 
hip-joint of the supporting leg ; for which purpose the 
pelvis must be inclined, so that the line passing through 
find the angle A C P when the area A B C D ie a, maxi- 
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the axis of the hip-joints, instead of being parallel, 
becomes oblique to the horizon, and the whole trunk 
must so accommodate itself to this new position as to 
bring all parts into a state of equilibrium ; otherwise the 
person would fall to the ground. This attitude, which 
is so commonly assumed by young and delicate females, 
produces unequal pressure on the bones of the spine, 
and the intervertebral cartilages ; and, if continued for 
a long time, or frequently repeated, ultimately causes 
distortion, as shown in Chapter II. The protrusion of 
the hip-joint, the unequal height of the shoulder- 
joints, and the curved state of the spine, are effects 
which ought to be noticed and corrected before any 
bad consequences result. The mechanical analysis of 
the effects of standing on one leg will be given 
when the cases of unequal lengths of legs come to be 
investigated. 

Effects of carnj'mg weights on the head. — In Pro- 
fessor Audrey's " Orthoptedia," published in 1 723, we 
find the following plan recommended ; — In order to 
induce a child to keep the head erect, " Lay upon the 
fore-part of the head anything that will easily fall off, 
such as a powder-box, or the like, and desire him to 
walk so as not to let it fall off. This may be made a 
sort of play to him, which he should frequeutly repeat ; 
and it will be proper to reward him when he does right, 
by way of encouragement. Thus you will soon see the 
cliild hold his head upright ; but you must conceal 
your design fi'om him, if possible, which will make it 
succeed the better. It will be proper to have several 
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children engaged in the same pastime, to raise an erau-J 
latioD among them, who shall do it. Children, wheU'J 
they are grown up, play at ditferent sorts of games ; 
propose this to them gravely, aiid tell them that the ' 
law of this game is, that whoever lets the box fall shall 
forfeit a pledge, which cannot be recovered again 
without undergoing a certain penalty, in the same 
manner as is usually done in other games. Thus, the { 
child, by playing at this game frequently, wiU very soon 
acquire a habit of keeping his head straight." Milk- 
maids who are accustomed to carry a pail nearly full ' 
of millc on their heads, and are proverbially upright, 
have been adduced by different authors as illustrations 
of the good effects produced by this method ; but the 
real benefit is undoubtedly owing, not to the circum- 
stance of carrying the weight, but to the necessity of 1 
maintaining a certain attitude, in order to prevent its 
falling; for we have seen in Chapter 11. that not only 
would any additional weight be injurious, but even the 
natural burden which the spine has to support — namely, 
the head, &e., tends to increase the distortion. Not- 
withstanding the advantage of carrying something on . 
the head to correct a bad attitude acquired by standing , 
awry, lounging, and other similar practices, it must be 
done with discrimination ; for there are many delicate 
females who would soon become fatigued in so con- 
strained a posture, and whenever weariness comes on, 
the exercise should be suspended. The duration of ( 
the exercise must, indeed, always be regulated by \ 
the medical adviser, according to the health and strength 
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of the individual. In all cases accompanied by 
softening of the bones, the plan is of course inad- 
missible. 

Effects of carrying tveti/hls oh the back. — ^When a 
weight is carried on the upper part of the back, there 
is a tendency to throw the trunk forwards : for ex- 
ample, when a porter carries a burden, the attitude 
of the body must be accommodated to the position of 
the common centres of gravity of himself and his load. 
In figure 18, let G and L be tlie centres of gra- 

Fig. 18. 




vity of the man and load, and tj the common centre of 
tie two ; then, in order to bring this common centre 
into a vertical line passing through the base of support, 
it is obvious that the man must bend his body for- 
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warUs.* hi this case, the gluta^ muscles r^obtte the 
lutatiou ui the tnmk about the hip-joints, while the 
extensor muscles of the trunk prevent the food firom 
buudiug the spine too much upon itself. Notwith- 
landiug this obvious and inevitable result, ve fiad 
euipirics recommending that lead weights shoold be 
carried between the shoulders by dehcate females, in 
order to stretch the muscles of the back, and coonte- 
ract the tendency to incline forwards. But, with sucb 
an object, the load should, in fact, be carried in front 
of the person, which would have the effect, not only of 
strengtheuing the muscles of the back, by bringing 
them into play, but also of throwing the tnmk into an 
erect posture, provided the weight be adjusted to the 
inclination of the body. The attitude of corpulent 
persons, and of pregnant women, affords a good illus- 
tratiou of the effect of having the weight in &ddL 
But, to be more precise, suppose a weight to be slung 
from the shoulders in front of the person, so that its 

* Let the weight of the man equnl JF, aad that of the load 
»'', D = the length of the line G e, and D' = the lioe L I ; then, "I 
u all the parts are in a elate of equilibrium, we have 

JF D = W ty. 

Rut wheu the man walks with the load, the estimation of the ' 
force he cxpcuds to propel himself and the load forwards, becomes ' 
a problem much more difficult to solve than in the above c 
llmt simply of equilibrium while standing in a given attitode. 
The investigation of this subject will be found in Poisson'a 
"Traill de Mccauique," tom. ii., and in the Messrs, Weber's ' 
"Merchanik der Gehwerkieoge." The latter appear to have I 

■■en the most correct method of viewing the subject. 
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tj- be far in adraDce, as in figure !•*. 
and let G and L be the centres of gravity (rf the body 
and tlie lo»d, and g the centre Fig. 19. 

common to the two, as before, — , 

in order that the body may be 
in an attitnde to counteract the 
weight of the load, it must be 
thrown backwards. The flexors 
of the trunk will prevent its too 
great rotation about the hips, 
while the ligameols and articu- 
lations of the vertebne preserve 
the figure of the spine, and 
counteract the pressure of that 
portion of the weight which is 
transmitted to it. Hence it is 
evident that, as the rotation of the 
trunk backwards is very limited, 

compared with its rotation forwards, we cannot suppoit'J 
a weight in front anything nearly so great as one on \ 
the back. The same principles are applicable when 
weights act on the body on either side, as when they 
are placed before or behind ; but, instead of the force . 
acting in the mesial plane of the body, it acts perpen-j 
dicularly to it. Such is the case when a weight is held^ 
hanging at the side in one hand, or when it is placed 
on one shoulder, or slung at the side from the opposite 
shoulder, as in figure 20. 

A nursery-maid cariying a child on one arm, is i 
■ example of a weight acting laterally. In s 
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Fig. 20. 



tbese cases the vertebral column is curved laterally,! 
in order to throw a sufficient portion of the head I 
and upper part of the trunk I 
on that side of the mesial I 
plane which is opposite the I 
side on which the weight ( 
acts. By these means the 
convex side of the curve is 
on the same side with the 
load, and consequently the i 
shoulder of the loaded side ' 
is also the higher. In the 
application of exercises with 
weights, to coimteract la- 
teral curvatures of the spine, 
when the nature of the case 
renders such a plan admis- 
sible, care must always 
be taken to ascertain the number of the curves, be- 
cause, as we shall afterwards see, the determination of 
the part to which the weights should be attached de- 
pends on the question whether the sum of such curves 
is an odd or an even number. 

Effects ofivooden legs. — When an ordinary wooden 
leg is substituted for the natiu-al leg, a system of actions 
is produced very different from that which originally 
existed. The wooden leg being incapable of move- 
ments of extension and contraction like those of the 
natural leg, the gait of the person in walking is entirely 
altered, and the centre of gravity describes a very tor- 
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pious path. The natural path of the centre of gravity 
in walkmg deviates but Mttle from a straight line (See 
" Cyclopsedia of Anatomy and Physioli^," Article 
i Motion"), having, in fact, a shghtly nndukting 
notion, both vertically and horizontally. But, when 
I single wooden leg is substituted, as above mentioned, 
|ie effects are as follow : — Suppose the left to be 
^e wooden one, and the person about to take a step 
oy lifting it from the ground, the natural leg being 
foremost and supporting the trunk, while the end of 
Jje wooden leg is at its greatest distance on the 
roimd, if the hinder leg were a natural one it would 
3 flexed as soon as it was raised, in order that, being 
bus shortened, it might swmg freely past the other 
irithout any necessity for a lateral incliiiation of the 
link ; but, as in this case it is inflexible, the body 
must either incline greatly towards the opposite side, 
to allow the leg to swing past in a nearly vertical plane, 
or else the end of the leg must describe a curve out- 
side that plane. In either case the centre of gravity is 
thrown out of its nonnal course towards the right side. 
This ia obvious from what we have just stated, when 
the left leg swings forward in a vertical plane, and it 
I'js not less true when its extremity describes a curve ; 
■fcr then the weight of the left leg is thrown so far out 
I ^n the left side, that the equilibrium of the person can 
I }>e preserved only by inclining his body on the right 
We will now suppose the wooden leg to have 
wung forwards, and in its turn become the supporting 
When the right leg is lilted oil' the grouud, it is 
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flexed, and swings past the left in a nearly vertici 
plane, but the centre of gravity describes a curve roand'l 
the end of the wooden leg, and though very slightly 
deflected from the mesial plane, it is raised very much 
above its normal position. From this description it is J 
clear that, in such a case, progression is eflFected by aa I 
unequal and dissimilar action of the legs. When the ' 
natural leg is the support, we see that there is a consi- 
derable deflection of the centre of gravity from the 
mesial plane, and but little from its ordinary horizontal j 
position, while the contrary takes place when the ■ 
wooden leg is the support ; but these two effects by 
no means counteract each other, for the whole deflection 
in both cases is always towards the right side, and 
therefore must tend to produce distortion. 

A second cause of deformity exists in the want of 
force in the wooden leg to propel the body forwards. 
The right leg begins to urge the trunk onwards by its 
extension, from the moment the centre of gravity has 
passed the vertical line through the ankle-joint, and 
continues to do so until it has attained its maximum 
elongation ; but, when the wooden leg has taken the 
place of the other, and the centre of gravity has passed 
the corresponding vertical line, since this leg has no 
vital force, or power of extension, the body begins to 
fall down the curve described by its centre of gravity, 
and continues to full, till the right leg again reaches 
the ground. The effect of these unequal actions is to 
twist the spine about its axis, and thus to throw one 
shoulder in advance of the other, the right shojlder 
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being foremost. In addition to this, the right leg 
always comes to the ground with a spring, but the 
wooden leg suddenly, so as to inflict on tlie liip -joint 
a considerable concussion, wliich is transmitted to the 
tmuk. The step, too, is much shortened, for in or- 
dinary walking the maximum length of the step 
depends on the height of the centre of gravity from the 
ground, at the instant when the hinder leg quits it; 
since the two legs with the horizontal distance between 
them form at this moment a right-angled triangle, of 
which the hypothenuse is the hinder leg. Hence it is 
obvious that the more the centre of gravity is lowered 
by the flexion of the forward leg, at the moment the 
linder leg quits the ground, — that is, the more the 
lltitude of the right-angled triangle is dirainished, the 
'more wUl the base of it, or the length of the step, be 
increased; but, with a wooden leg, this cannot take 
place, and therefore the length of the step is diminished. 
i it is that we never see a person with a wooden 
ig, who has not a distorted state of the spine, at least 
" after it has been used for any considerable time. Fig. 21 
exhibits a case illustrating this fact, in which x y' and 
s^'y" are the corresponding inclinations of the hips, and 
shoulders, to the vertical and horizontal directions .r and 
y. The leg of the boy was amputated by the author 
this treatise, a few years ago, on account of a 
m'ofulous afiection of the knee-joint, and the boy has 
Jeen lost sight of until very lately, when the spine 
l.presented the appearance given in the figure. 

It is clear, therefore, that a better mechanism than 
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that of the common wooden leg is required to obvi 

the evils just enumerated. The rich may, it is 1 

Fig. 21. 




have tlie advantage of an improved and more expensive 
kind of wooden leg, in which the power of the bending 
parts analogous to the knee, ankle, and toes, is so admi- 
rably imitated, that no apparent distortion of the trunk 
Is produced. So well, indeed, has this kind of artifi- 
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cial leg been adai)ted to perform the motions of the 
natoral one, that it is impossible to discover any diffe- 
rence between them ; but, at the same time, the cost 
of this substitute for the leg is, unhappily, altogether 
out of the reach of the poor. When we reflect that 
every person who is obliged to wear the common 
wooden leg, not only loses the power of quick walking, 
but becomes deformed, it is a matter of great impor- 
tance that surgeons should be familiar with these con- 
sequences, more especially as it is too much the custom 
at our hospitals, as well as in private practice, for them 
to consider their duty at an end when they have 
amputated the limb, healed the stump, and directed 
the patient to an instrument- maker. On the contraiy, 
a very important duty still remains to be performed, — 
namely, that of promoting the future welfare of the 
patient by prescribing a proper substitute for the 
natural limb ; and the immense funds subscribed for 
the support of most of our hospitals might surely afford 
some small allowance to be appropriated for the pur- 
pose of supplying poor patients with such improved 
wooden legs as would enable them to perform all the 
ordinary occupations of life without difficulty or dis- 
tortion. This is a subject that army and navy sur- 
geons, more particularly, would do well to take into 
consideration ; since, with the assistance of such a 
wooden leg, soldiers and sailors might be enabled to 
discharge most of the common duties of the service, 
instead of being dependent, as they now are, from the 
moment they are deprived of a natural leg. When a 
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persoD has occasion for the use of two wooden legs, 
the action being similar on both sides, no deformity 
of the trunk results, but the base of support at the 
lower end of the leg is so small, that progression is 
performed with great hazard of falling. Under these 
circumstances, the centre of gravity also moves in a 
series of arcs, instead of in nearly a horizontal line, 
and the speed is mechanically restricted within 
much narrower limits than is the case with the 
natural legs. 
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On the use of crutches, — Effects of the use of a single crutch ; of 
two crutchcB ; of anehyloBis of the hip- and kDce-joints ; of 
unequal lengths of legs ; of rowing ; of lying in unfavourable 
poaitionB ; and of sitting. 

The CaurcH. — The comnion crutch is very frequently 
substituted for a wooden leg, when one or both legs 
are either wanting or disabled. When one leg only is 
thus deficient, persons are very apt to employ only one 
crutch ; and the common crutch, which is either equal 
to the length of the body measured from the axilla to 
the ground, or rather longer, is generally used on the 
affected side to support the body in standing, and in 
propeUiug it forwards during progression. It perfonns, 
though very imperfectly, the mechanical functions of 
the natural leg. During the time that the natural leg 
is lifted from the ground and swings forwards in walk- 
ing, the whole weight of the body is transmiaed to the 
crutch by means of the axilla, which then becomes the 
axis on which the body turns ; but, when the natural 
leg is on the ground, the axis on which the body is 
[wised is the head of the femur, and thus the trunk 
oscillates alternately from the hip-joint on one side to 
the axilla on the other. It may easily be imagined 
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that these two actions, so dissimilar and unequal, must 
seriously affect the form of the body ; for, since the 
centre of gravity cannot under such circumstances 
move forwards nearly in a straiglit line, as it ought to 
do, hut must rotate unequally round the two points of 
support above mentioned, these abnormal actions must 
tend in a very short time to distort the trunk. When, 
however, either both legs are affected, or the case is 
otherwise such that two crutches are employed, the 
movements of the body are less violent and less con- 
torted, the two crutches neutralizing that portion of 
each other's action which tends to distort the trunk 
when only one is used. 

In the case where either one leg is cut off, leaving 
the other sound, or both legs remain, but witli impaired 
functions, so that they are only capable of extension 
and of supporting the body, when employed together, 
the act of progression is similar to that already de- 
scribed in a person with two stumps, except that the 
length of the limb must be regai'ded as extending from 
the shoulder-joints, instead of the hip-joints, to the 
ground. If we observe the action of such a person, we 
see that whilst he is resting momentarily on his legs, 
the crutcnes are rotated from behind him, and placed 
on the ground in front of the vertical line from the 
axillae, the head and neck being tlirown forwards to 
enable the body by the extension of the legs to perform 
the step, and get again in advance of the crutches ; 
and, in order to prevent the body falling forwai-ds after 
it has passed the vertical plane through the base of the 
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crutclies, the head and neck are thrown back, and the 
legs permitted to reach the ground in advance of them ; 
the head and neck are then thrown forwards, and by 
the combined extension of the trunk and arms the 
body is brought up into the vertical position, and 
thereby allows the crutches to be raised and carried on 
as before. In this case it is clear that the two legs per- 
form the functions of one leg, and the two crutches 
those of the other ; and, since they swing from the 
shoulder-joints, the step is much longer than in ordi- 
nary walking, — a circumstance which accounts for the 
rapidity with which such persons get over the ground. 
Wliere both legs have been amputated, or paralysed, 
the crutches can be thrown but a httle way iii front of 
the body, owing to the absence of the extensor power 
of the legs, and the steps arc in consequence consi- 
derably shorter. The only distortion arising from tlie 
use of two crutches takes place in the upper part of the 
spine ; whilst, owing to the head and neck being con- 
stantly thrown forwards, the convexity is lessened, and 
the spine itself straightened in the mesial plane. 

Anvhylosis of the hip-joint. — In cases of disease of 
the hip-joint tending to anchylosis, the object of the 
surgeon should be, to prevent as much as possible the 
shortening of the hmb. He must therefore take care 
that the hmli is kept straight, and extended on the 
trunk, the latter position being most important for the 
purpose of facilitatmg locomotion after the joint has 
become fixed. The necessity of keeping the limb 
straight has been ably shewn by the late Mr. Aston Key. 



DEFORMITIES IN THE HUMAN BODY, 




A little reflection would naturally suggest this poaii 
tion as the one to be adopted, in consideration 
the disadvantages in walking that every other position 
would entail on the patient ever afterwards. But the 
person who finds himself deprived of the moveinenta 
of the hip-joint, httle thinks, perhaps, of the serious in- 
convenience resulting from it until it is too late to be 
remedied. In the first place, he cannot bend the 
pelvis on the thigh in stooping ; secondly, when sitting, 
the leg must be thrown downwards on the side of the 
seat, and when the diseased leg is thrown forwards in 
walking, the pelvis must rotate on tlic other hip-joint. 
Owing to this oscillatory movement, the trunk is twisted 
spirally ; the shoulders turn slightly round its axis ; 
and after a short tiuie the hue joining the shoulders, 
instead of being peqiendicular to the tnosial plane, is 
oblique to it. From the operation of the above-men- 
tioned causes, notwithstauding the most judicious 
management, anchylosis of the hip-joint almost always 
produces deformity of the spine. 

Anchylosis of the knee-jo'inf. — What has been said 
of the position in which the leg should be kept in a 
case of anchylosis of the hip-joint, applies also to the 
knee. When the leg is retained in a straight position 
during anchylosis of the knee-joint, the limb is after- 
wards available for the purposes of progression ; but, 
strange to say, this important consideration is very 
commonly neglected or overlooked by surgeons. The 
result is, that we daily see persons hobbling about the 
streets in all directions, with one foot dangling in the 
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air, in consequence of the surgeon liaving allowed the 
knee-joint to become anchylosccl in a flexed position of 
the lirab. If the leg is kept straight, it is used in 
walking without the aid of artificial supports, the effect 
of the loss of motion in the knee being nearly the same 
as when the common wooden leg is used, except that 
the natural leg is capable of motion at the ankle-joint. 
It cannot, however, lower the centre of gravity in 
walking, as the sound leg does : hence, as in the case 
of the wooden leg, the length of the step must be 
dimuiished, and there also arises an unequal action of 
the two legs on the trunk, which must swing laterally, 
in order to allow the stiff leg to clear the ground ; 
jhereby producing distortion. With all these incon- 
veniences, & stiS' limb is nmch betti-r than a wooden 
one ; though, if fixed in a flexed position, it is of less 
value than a wooden leg, because the person can use 
ithe latter in walking, but not the former, without 
laving recourse to additional means of support.* 

Legs of unequal length. — It has been stated by Dr. 
little, that an inequality in the length of the legs is 

* M. Bonnet states that, in iuflammatory diseases of the knee- 
joint, '* when the most energetic antiphlogistic treatment has 
failed, and the disease begins to assume an aggravated character, 
the lijnb should be straightened and keptinimovahle by a suitable 
spparatus. By these means the progreBS of the disease is arrested, 
cessation of pain is soon induced, and progressive improvement 
\ Rtnlts. If anchylosis of the joint takes place by the formation 
Kind adhesioa of false cellular or fibrous membranes, we have seen 
nthat the straight posiiion is equally applicable to the production 
f the most favourable results when mechauically considered." 
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rarely accompanied with deformity of the spiue ; but 
this opinion is contrary to experience, and entirely at 
variance with the principles which have been advanced | 
in these papers. 

The author has had under treatment many persons 1 
having their legs of unequal length, aud who conse- 
quently laboured under spinal distortion, but without I 
any organic disease of the spine ; and it is indeed de- ' 
monstrable from the laws of dynamics that, in order 
to preserve the equilibrium of the body in such cases, 
the spine must necessarily be curved. This will 
appear more clearly from the following illustration. 
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of the spiue with the sacrum, parallel to the line which 
joins the heads of the thigh-bones, C E D a vertical 
Uiie, and the points A D uueqiially distant frora the 
horizontal plane, owing to one leg being shorter than 
the other, or to some similar cause. E F, at right 
angles to ^4 B, is the natural jwsition of the spine, 
viewed from behind, or in front ; but, since it would 
produce a great expenditure of muscular action to 
maintain it in that position, an effort will be made to 
diminish the waste of muscular power by supportmg 
tiie head in the vertical line CD; and the process of 
effecting this will be as follows : — The bead will be 
thrown towards the opposite side of the vertical line, 
bringing the spine into the position E G, by means of 
the muscles attached to it on the concave side of the 
curve EG; and, if the con-esponding muscles on the 
other side of the spiue were inactive, E G H would lie 
the very position ; but these latter act in a similar 

I manner, and bring the spine into the ultimate line, 
E G K, having the head in the vertical one. In cases 
of this kind the line M N, joining the shoulders, being 

1 at right angles to the curved spine, will not be hori- 

' zontal, unless the point K be in the hue C D. 

rig. 23* represents the case of a young man, aged 

\ eighteen years, in whom distortion is produced by the 
combined effects of unequal lengths, and unequal forces 
of the legs. From the age of six to fifteen he wore 

I. a high-soled shoe, in order to make up the deficiency 

* In all tlie figures where i y, ami ,r' y', occur, r is the vertical 
d y the horizontal, and ^' y' iucUued lo these directions. 
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in the length of the left leg, which was the shortest. I 

Subsequently to this period the difference in the length 

Fig. 23. 




-. the legs has been 1'25 inches. The spine preaenta 
a single lateral curve, a h c, having its convexity 
towards the left side, the exact of amount of which is 
shown in Fig. 24, y. It wdl be observed that the 
left shoulder is the highest, being the same side as that 
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of the shartcst leg. Tlie trunk is thrown towards the 
right side ; the Hue uiiitiDg the hip-joints is inclined 
upwards, and a hne uniting the shoulder-joiuts down- 
wai'ds, in a direction from left to right ; the muscles of 
the right hip-joint are hypcrtvophied, and the bpine is 
oeccasarilj curved, in order to preserve the equilibrium 
of the body in standing. When he walks, the move- 
ments of the body are very eccentric. Just before the 
left leg is about to be placed on the gixiund, — that is, 
■when the two legs are at that part of the step in which, 
if they were of equal length, tlie left foot would be in 
the act of touching the ground, the right hip-joint, in 
order to accommodate itself to the shorter leg, and 
allow it to come to the ground, rolls over ob- 
liquely in an arc curved outwards, aiTives at its 
vertex at the moment when the left leg reaches the 
ground, describes the remainder of the arc while the 
body is moving forwards, and its weight is transferred 
to the left leg, and completes the curve, the instant 
the right foot quits the ground. During this period, 
the trunk is thrown obliquely on the left side, and the 
centre of gravity, after being lowered, recovers its 
position, while the latter portion of the curve is 
described. In this case, since the longer leg is capable 
of being flexed, so as to swing past the shorter leg, no 
particular derangement of the hip-joints takes place ; 
and, when the longer leg becomes the support of the 
body, the shorter swings forwards into the position 
above mentioned, just as if both legs were of the same 
length. When the left foot was placed on a raised 
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surface, so as to render the line joining the hip-joints 
horizontal, the head and trunk were thrown towards 
the left side, and the cur- y\g_ 25. Fig. 24. 

vature was partially recti- 
fied ; but, when a weight 
of fourteen pounds was 
placed in the right hand, 
a new attitude was required 
to preserve the equili- 
brium, and the body was 
still further drawn by the 
muscles of the left side of 
the trunk to that side, in 
order to equipoise the 
weight in the right hand, 
and the result was a fur- 
ther diminution of the 
curve ; indeed, the spine 
then presented an appear- 
ance nearly normal, as re- 
presented in Fig. 25. The 
practical deductions which may be drawn from this 
case are of very great importance with reference to the 
treatment of deformities of the spine, when arising 
from mechanical causes, and there will be occasion to 
notice them in a future chapter, when considering the 
mechanical treatment of these c^es. 

Figure 26 exhibits a case of three lateral curves, arising 
from the same mechanical causes as those connected 
with fig. 23. The distortion is represented as it 
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appeared before any means had been employed for 

its correction. The patient was a youth of about 

Fig. 2fi. 




fifteen years of age, whose legs had been of unequal 
length from infancy, the right leg being one inch 
shorter than the left. It will be observed that these 
curves present the same kind of appearance with 
respect to the obhqiiity of the shoulder and hip as the 
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case of one curve. When one of the lower extreniitiea 
is curved, the effect is obviously to render the length 
of one leg less than that of the other. The effect on 
the trunk is similar to that which occurs when one 
limb becomes shorter than the other, owing to disease 
of the hip-joint, or otherwise ; and it is gratifying to 
find that the trunk, after having been so distorted, will 
resume its normal figure when the leg has becom&H 
straight. Cases of this kind in children are often pre-^ 
sented to the surgeon ; the parents very commonly 
supposing that the spinal curvature is the cause, and 
not the effect of the deformity in the leg. The ten- 
dency to distort the trunk, which has been shown to 
arise from unequal length of legs, should alone be suffi- 
cient to induce surgeons to pay more attention to the sub- 
ject than they have done ; but there are so many other 
circumstances which render it desirable that the lower 
limbs should be preserved of a proper figure, that it is 
surprising how much it has been neglected, and that 
the most eminent surgeons have thought mechanical 
support unnecessary for children whose legs have been 
bent in various ways. The consequence of this neglect 
has been that the deformity has often remained during 
life. They seem to have laboured under an erroneous 
impression, that these curvatures will disappear when 
the cbild has grown older, and the bonea have become 
stronger, the fallacy of which hypothesis has been 
already shown in Chapter I. There are, however, 
some cases of children in whom the bones become 
spontaneously straight after the lapse of time, owing tO'l 



certain changes in the mechanical nnd chemical con- 
dition of the bones at that period of life. The prin- 
ciples concerned in these cases may easily be deduced 
from what has been said in the same Chapter. 

By inspecting figs. 23, 23, 26, we perceive that, 
whenever the number of curves is odd, as one or 
tliree, the Unes which join the shoidder and hip-joints, 
if produced, will meet on the side of the longer leg, or 
in other words, the hip of the longer, and shoulder of 
the shorter leg, are the liighcst ; but, if the number of 
curves be even, both the hip and shoulder will be the 
highest on the side of the longer leg. M'e also find 
tliat the difference of only an inch in the lengths of 
the legs is sufficient to produce a very serious distortion 
of the trunk. 

Ron-hg. — Rowing has been long observed to be 
amongst the occupations tending to distort the spine. 
It is reported that the strongest and best-proportioned 
men, after having been some time engaged as barge- 
men in the royal navy, become distorted. The act of 
rovring is performed by the alternate flexion and exten- 
sion of the body. The arms are called into violent 
action, which tends to curve the trunk forwards, but 
the muscles which extend the trunk oppose the flexure 
of the spine, and draw the body backwards. These 
actions tend to exercise and strengthen the muscles of 
the back, but the compression exerted on the anterior 
portion of the intervertebral substances and bodies of 
the vertebra;, causes after a time a partial absorption 
of those parts, and the spine becomes bent forwards in 
the mesial plaiic. 
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Position of persons lying. — According to the late 
Mr. John Shaw, " lying on a feather-bed in a curved 
position of the trunk for lengthened periods, is preju- 
dicial to the figure ;" and he remarks, that " the con- 
sequence of a long continuance in the position repre- 
sented in figure 27, must have been observed by those 
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ivlio litteiid a hospital, as there is scareely a patient 
who suffers from the common disease of the hip, whose 
spine is not curved in this way. This sketch, although 
it may serve to illustrate the distortion consequent on 
the disease of the hip, is oftered to exhibit one of tlie 
causes of the common lateral serpentine cun'ature of 
the spine." The view here taken by Mr. Shaw is in- 
tended to convey the idea, that distortions coincident 
with diseases of the hip-joint depend on the position to 
which the patient is confined in bed, whilst under 
treatment in our hospitals. Now it has been shown 
above, that there is always distortion of the trunk in 
hip-joint cases, whenever the leg on the diseased side 
has lost any portion of its mechanical power, and the 
curvature must therefore begin simultaneously with the 
disease of the hip ; but, since these cases are not 
usually admitted into hospitals until the complaint 
has passed through its earlier stage, during which the 
patients have continued to use the defective limb, the 
distortion has in reahty been already produced, although 
it may have escaped the observation of the surgeon. 
It is, however, not only probable and consistent with 
the principles here advanced, but apparently a neces- 
sary consequence of the patient being confined to tiic 
posture of lying on the healthy side, that the figure of 
the spine should be altered, unless unequal pressure on 
it is by some contrivance prevented. 

Position of persons sitting. — When a pei'sou is 
sitting on a seat in the ordinary uianner, the motion of 
the trunk backwards or forwards is effected by the 
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rotation of the tuherositiea of the ischia on the plane of 
the seat. Now any one sitting with the tnmk erect 
aoon feels the position exceedingly irksome; and, if 
there be no support behind, the tnink very soon 
inclines forwards. The (Wplanation of this tendency is 
as follows : — In sitting, the trunk is in a positioft of 
unstable equilibrium, and the extensor and flexor 
muscles ai-e in a state of constant action ; but, since 
the flexors are much weaker than the extensors, the 
body is naturally inclined forwards, by which means 
the former are rebeved at the expense of the latter. 
Hence it is evident that in sitting the upright position 
cannot be long maintained without fatigue; but that, 
by throwing the body forwards, the great power of the 
extensors enables us to sit for a considerable time 
without being tired. Parents, governesses, and the 
masters and mistresses of schools, are constantly order- 
ing young people to sit upright, under a mistaken notion 
that the flexed posture leads to stooping, whereas it 
really strengthens the extensor mnscles of the back. 



CHAFPER VI. 

MECHANICAL CAUSE9 OF DISTORTION. 

The body not strictly symmetrical ; parts on each side of the 
tnetial plane do not exactly equipoise each other ; difference not 
sofficient, however, to produce distortion. — Mechanical eiFects 
of I08B of one arm. — Influence of occupation on the figure of 
the body. — The ribs : horiiontal planes touch corresponding 
portions ; conditions of the ribs in spinal curvature ; effects 
of lateral curvature on the ribs ; effects of curvature in the 
mesial plane; figure of ribs in pigeon-breasted persons ; effects 
of distortions of the ribs on the vital functions, — Mechanical 
Unctions of the pelvis; polvls not linble to distortion mechani- 
cally. — Distortions of the lower eiiremities ; displacements of 
the patella. — Mechanical atructnre of the knee-joint; knock- 
kneed and bow-legged persons. 



The mesial plane is supposed to divide the body in 
such a manner that the weights of the two sections are 
equal. It ia generally said that the body is symme- 
trical, but this is not strictly true : yet those organs on 
either side which are dissimilar both in structure and 
function may be considered of equal weight ; or, if not, 
tlie difference cannot be very great, since the external 
form of most persons presents no apparent deformity, 
which, according to the principles already advanced, 
would be the case, if the weight of one side sensibly 
preponderated over that of the other. In further proof 
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of thia assertion it may be remarked, that the Messrs, 
Weber balanced the body in different positions for tl 
purpose of ascertaiuiiig the centre of gravity,, as di 
scribed in page 77, but did not deem it necessary 
test the equality of the weight of its bilateral sections 
which their very accurate liabits of investigation would 
doubtless have induced them to do, if there were a 
degree of inequahty sufficient to affect materially 
position of that centre. 

In consequence of the trunk being a flexible column, 
it soon begins to assume a new figure, on the imequal 
addition or subtraction of such weights as senal 
affect the equilibrium of the body. Wlicn, for exan 
an arm has been amputated, the shoulder of the 
which remains becomes elevated, whilst that on 
opposite side is depressed, and the spine is in cou! 
quence curved laterally. This is owing to the abstri 
tion of the weight of the arm from one side ; for, 
the arm acts upon the spine at the extremity of a 
of considerable length, and is itself a heavy substance, 
it is obvious that, if one of the arms be wanting, the 
head and upper part of the spinal column will naturally 
be thrown on the deficient side of the mesial plane in 
order to preserve the balance, and so will produce i 
time a lateral curvature. It is not, however, an 
common thing to meet with cases of the loss of 
arm, where the shoulder is highest on the deficient 
side, and we may in such cases reasonably conclndi 
that this phenomenon is the result, either of a previqi 
distortion or of muscular exertion tending to couni 
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the opposite weight, or of contraction o£ the remaining 
muscles cut through, or of some similar cause. 

There is another mechanical effect, which is produced 
in walking by the loss of one arm. In the natural 
state, whilst the right leg swings forwards, the trunk is 
turned horizontally on the head of the left femur, and 
wo\dd propel the right shoulder before the left ; but, at 
the same time, the right arm swings backwards, and 
the left forwards, by which a force is generated in an 
opposite direction, and neutralizes the tendency of the 
trunk to twist horizontally during progression. Now, 
when a person has lost an arm, this compensating 
action cannot take place on both sides, and there must 
consequently result a slight twisting of the trunk, and 
a perceptible alteration of the gait ; but an artificial 
arm, of the same weight and length as the natural one, 
would preserve the equilibrium of the trunk without 
distortion. It should be observed that a deficiency of 
weight on one side produces the same effect on the 
position of the shoulders, as a superabundant weight 
on the other. 

The influence of unequal action on the body is very 
perceptible in mechanics, and other persons, whose 
occupations require the right arm to be used more than 
the left, or vice versd, the muscles on the more active 
side being always more developed than those on the 
other. This condition of parts wdl be found in smiths 
and others, who use hammers in the right hand only. 
Needlewomen, who extend the right arm at every stitch. 
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are subject to a similar deformity. When these occuy 
pations require great muscular exertion, the effects on 
the figure become very apparent; but they rarely 
assume an aggravated character unless the general 
health suffers at the same time. Reference has been 
made to these cases, chiefly for the purpose of illus- 
trating the general principles which the author main- 
tains respecting the origin of distortions from mechanical 
causes. 

The ribs during respiration perform very complex 
movements. The motion of the seven true ribs is 
mnch restricted at their sternal articulations, and they 
have only a limited motion at their vertebral extremi- 
ties. In the normal state of the body, and in the 
erect posture, horizontal planes trnverae correspouding 
portions of the ribs on each side, and the mesial plane 
bisects both the vertebral column and the sternum. 
When, however, the dorsal region of the spine is curved 
laterally in any direction, neither of these conditions 
takes place ; but it is not a trifling lateral curvature of 
the spine that will produce any serious effects in the 
relative situation of the ribs. We meet, indeed, with 
many specimens of such curvature without the ribs 
shewing in front any visible distortion, the sternum 
stUl preserving its normal position ; but, if the lateral 
curvature is of any considerable extent, the ribs must 
become obviously distorted, owing to their connection 
with the vertebral column j and in this case they are 
depressed on the concave, and elevated on the convex 
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side of the curve, as in fig. 28, wherein it will be 

Fig. 3S. 




observed, that the ribs on the right side descend into 
the pelvis, whilst those on the left are much elevated 
above it. 

The explanation of these facts is as follows : — 
Jn cases of lateral curvature of the spine to a small 
extent, the ribs rotate on their vertebral articulations, 
and being partially fixed at the steraum, are thus pre- 
served from distortion ; but, in cases of curvature in 
the mesial plane arising from absorption of the bodies 
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and the sternum is thrown forwards, producing that 
configuration of the thorax termed pigeon-breasted. 
This is a species of deformity which may be considered 
congenital, and depending on the original physical con- 
stitution of the individual. In cases of distortions of 
the spine, especially when the ribs and stenuim change 
theu- relative positions, there must necessarily be a 
displacement of many of the viscera ; some organs being 
compressed, others drawn aside, some partially absorbed, 
and the vital functions carried on with more or less pain 
and difficulty. In the case represented in Fig, 28, the 
ribs on the left side approached the vertebral column 
so nearly that the point of the finger could scarcely be 
introduced between the two, so that the lung on that 
side must have been nearly obliterated. When the ribs 
compress the heaft, violent palpitations ensue, accom- 
panied vnth disordered respiration : in fact, when the , 

; of distortion is considerable, the disturbance of 
the vital functions becomes so great that life is not 
preserved without much sufiering and difliculty, and 
the wonder sometimes is that it is preserved at all. In 
consequence of the peculiar stnicture, and perfect 
adaptation of the several portions which compose the 
vertebral column, a very great degree of lateral cur- 
vature may arise from ordinary mechanical causes, 
without producing any sensibly injurious effects on the 
spinal cord ; which, indeed, very rarely occur, in the 
absence of caries, or some other disease of the vertebrae. 
These cases serve to teach pathologists that the spinal 
I cord may be twisted spirally, or curved in many direc- 
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tions, without impeding its normal functions. It i 
not, however, my intention to follow out the subject i 
this work. 

The pelvis presents a structure curiously contrive^ 
to fulfil important offices of a mechanical nature in t 
animal economy. It is endued with lij^htneas and 
great strength ; it aSbrds a large space within, for the 
lodgment of the iuternul organs which are welt known 
to be enclosed by it, and a large surface externally, for 
the attachment of many very powerful muscles. Whea 
it is considered that the pelvis has to support a multii 
tude of organs the sum of whose weight is more thi 
half that of the whole body, and to rotate all these! 
parts in various planes without injury, it need nol 
create surprise to find that it is a very admirable piet 
of mechanism. 

By the union of the several bones of which the pelvis 
is composed, an elastic hoop of unequal depth, breadth, 
and thickness is formed, which sustains with great 
firmneaa the vaiious pressures to which it is subjected, 
both upwards and downwards. The lateral wails of 
the pelvis are directed obliquely outwards and upwards, 
and cut the vertical lines passing through the heads of 
the femurs, in such a manner that the direction of every 
percussion on the femur passes through the solid walls 
of the OS innominatum obliquely to its plane : by which 
means, combined with the partial yielding at the sacrui 
and the pubes, owing to their being connected by fi 
cartilage, the jarring efl'ects of these percussions i 
greatly obviated. 
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The ossa innominata are of considerable strength. 
Their surfaces are provided with a thick layer of 
hard lamiHated osseous structure, enclosing a portion 
of cancellous texture. The thickness of the latter 
is augmented, and that of the laminated structure 
diminished, immediately above the acetabulum, which 
arrangement tends to diminish the shocks which would 
attend locomotion if the laminated structure had beeu 
continued through the whole substance of the bone. 
Hence, when a person leaps or falls from a great 
height, and alights on his legs, shocks which are suiR- 
cieiit to break the neck of the shaft of the femur rarely 
fracture the pelvis. 

The late Mr. John Shaw remarks that the pelvis is 
not easily distorted in cases of lateral curvature of the 
spine, or distortion of the ribs, independently of rickets 
or caries, lie also remarks that, in Sandifort's plates 
of distorted ribs and spine illustrating the contents of 
the nmseuni attached to the University of Leyden, the 
pelvis retains the normal figure ; and adds, that in Sir 
Charles Bell's collection tlie same fact is observable. 
In all cases of unequal length of the legs, such as those 
already mentioned, and also in some kinds of distor- 
tions of the trunk, the axis on which the pelvis oscil- 
lates is oblique to the horizon ; and yet, although 
thereby subjected to unequal pressure, the pelvis pre- 
serves its normal figure, for which end its structure is 
evidently adapted. 

The base of support of the pelvis, and of all the 
superincumbent parts, is on the rounded heads of the 
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femurs, and the centre of gravity of the body iii the ^ 
erect position lies above the axis of motion. The body i 
would be in a state of unstable equiUbrium, if it had 
the same power of rotating backwards as it has for- 
wards ; but this is prevented by a peculiar arrangement | 
of muscles, ligaments, and fasciEe, which obstructs any ■ 
movement in that direction, and secures the person j 
from falling backwards. 

DISTORTIONS OF THE LOWER EXTREMITIES. 

Independently of the injurious effects which distor- 
tions of the legs, by rendering them of unequal lengths, I 
produce upon the spine (as mentioned in page 85), 
there are many other circumstances connected with the 
subject which deserve attention. It is not necessary 
to dwell on the bad cfl'ccts of every kind of distortion, 
exhibited in the awkward gait of ])er3ons in walking, 
and in the destruction of that symmetry which consti- 
tutes the perfection of the human figure ; but it may 
be well to observe how few persons there are in society 
whose legs are sufficiently straight and well formed, to 
allow of their being clothed so as to exhibit their shape. 
This is frequently owing to the neglect of their parents, 
and medical advisers. 

When the legs are bent inwards, so that they strike 
against each other in walking, the person is called 
knock-kneed. If the bend is very great, the patella is 
shifted to one side, and over the external portions of 
the joint, as in fig. 36. When the legs are bent out- 
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wards (which is the case with bow-legged people), the 
patella plays on the inside of the joints. Such are the 
natural mechanical effects of these curvatures ; for the 
patella! arc not so tied to the knee-joints as to confine 
their lateral motion, and their axes must therefore he 
in the line of the axis of the extensor muscles of the 
leg. The author has several cases under treatment in 
which the patella acts either on the inner or outer side 
of the joint. Now the influence of the muscles in 
I tiiese cases is to increase the distortion of the hmbs ; 
I because, as they act hke the bowstring on the bow, 
I every contraction tends to bend the leg at the knee- 
I joint. Some surgeons, forgetting the cause of this 
kind of displacement of the patella, have attempted to 
push the bone into its normal position by a force acting 
laterally, and, by means of splints and bandages, to 
keep it in that position ; but it is obvious that this 
plan of treatment can never succeed, and that the 
only remedy is, if possible, to etfect the straightening 
of the limbs. 

The thigh-bone is much less subject to distortion 
than the tibia and fibula. This depends on the differ- 
ence existing between the mechanical and chemical 
constitution of the several bones. When the tibia ia 
not strong enough to support the superincumbent 
weight, the bone will curve either outwards or inwards, 
backwards or forwards, and the shaft will very often 
bend in two or three different ways at the same time; 
but these last-named cases usually occiu- in children of 
very bad constitution, whose bones are often soft and 
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])liable) and it is in this state of the bones that mes 
cbanical support is needed, the reasons for which have 
been already explained in page 10. In many of these 
cases of distortion of the legs the shafts of the bones 
are unaltered, and the deformity is owing to the state 
of the ligaments of the knee-joint which control the 
movements of the limbs about it. Such being the case, 
it will be desbable to inquire into the normal functions 
of the ligaments in question. In order to examine the 
true function of each ligament, and the nature of the 
motion of the condyles of the femur on the head of the 
tibia, the Messrs. Weber,— from whose labours we 
derive so much accurate and scientific knowledge of 
the mechanism of the human body, — instituted a series 
of experiments, which are detailed in their " Mechanik 
Pig. 30. 
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der MenacUichen Gehwerkzeuge," wherein it is stated 
that the knee is not strictly a ginglymoid joint, because 
the condyles of the femur do not rotate about a fixed 
axis ; but, wiiilst they both turn round a common axis, 
the outer condyle, which is smaUer than the inner, 
sUdes upon the almost horizontal siuface of the head 
of the tibia. The edge of a section of the external 
condyle perpendicular to the axis of its rotation is of a 
spiral form, the pole of which is c , (figure 30) the point 
of attachment of the external lateral ligament ; and of 
the radii, cc' is greater than cc, cc" than cc", and so 
on. In consequence of this figure of the condyle, the 
centre c is lowered during flexion, and is at its maxi- 
mum height when the limb is fully extended ; and for 
the same reason the external lateral ligament, c"", is 
relaxed during flexion, and stretched during extension. 

Fig. 31. 
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The anterior crucial ligament ia also relaxed and twisted 
on itself during flexion, the anterior portion of the 
ligament being carried backwards, and the posterior 
forwards, as seen at a' c' in figure 31 : tlie contrary of 
this occurs during extension. It is this construction 
of the joint that permits the external condyle to rotate 
round the internal, or the tibia to revolve on its axis 
during the flexion of the leg, to the extent of about 
39". The inner condyle is, however, differently cir- 
cumstanced ; the figure of the articulating surface is 
not like that of the external, and it has a different centre 
of revolution. The internal lateral ligament cannot be 
relaxed during flexion Uke the external, because the 
radii cc', cc\ &c., figure 32, are very nearly equal. 
Fir. 32. 
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The posterior crucial ligament also, instead of being 
relaxed during the flexion of the Hmb, is carried for- 
wards, turns on itself, and is extended, as seen at c p', 
figure 33. On the contrary, during extension, it is 
Fig. 33. 




twisted on itself, still retaining its extended state, as 
will he seen in figure 34 d a. By conaparing the 
positions of the letter c of corresponding parts in 
figures 33 and 34, it mil be seen that the ligament 
has made a partial revolution on itself during the ex- 
tension of the limb. The effect of this arrangement is, 
as before observed, to secure and fix the inner condyle 
during the flexion of the limb, leaving the external 
condyle partially free to rotate around it, and allowing 
a limited amount of pronation and supination. 
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rrom the preceding remarks iL follows, that when ] 
the leg is extended, the four ligaments are stretched, 
and thus the limb becomes stiff enough to support the 
body firmly in standing : indeed, but for this exquisite 
piece of mechanism being adjusted in this or some such 
manner, the limbs could not support the body steadily 
in walking, and yet have the power of pronation and 
supination. The capsular ligament of the knee-joint 
has but bttle effect in restraining the movements of the 
condyles ; for when the two lateral and the two crucial 
ligaments arc cut through, leaving only the capsular to 
perform its office, the bones of the joint rock and je 
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on each other at every movement. The semilunar car- 
tilages protect the articular surfaces of the joints from 
the surrounding tissues, and by their mobility perfect 
the action of the mechanism. The synovial membranes 
present an extensive surface for lubricating the joint, 
and preserve it from friction. If a longitudinal section 
of the femur and tibia be made tlu'ough the knee-joint, 
the articulating surfaces are nearly perpendicular to the 
axis of the bones, as is seen in figure 35, where x is 
perpendicular to y ; and it therefore follows, that when 




the lower part of the limb is vertical, the surfaces of the 
joint are horizontal ; and if a vertical plane parallel to 
the mesial pass through the centre of the head of the 
femur, it will likewise bisect the knee and ankle-joints. 

I 
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This state of the liaib must, of course, be considered 
as its proper normal condition, which being well under- 
stood, we arc in a position to examine the abnormal 
states of the joint. One of the most common of these 
is when the knees either approach or recede from each 
other too much, and so produce deformity. It has 
lieen seen that during the extension of the limb in the 
normal state of the joint, the internal, lateral, and 
posterior crucial Hgaments are stretched, and that the 
lower part of the leg is incapable of abduction, adduc- 
tion, supination, or pronation. It has, in fact, but one 
direction in which it can move ; namely, that of flexion. 
Now, ill those cases where the bones are not diseased, 
but there is an unnatural bending at the knee, it is 
obvious that the joint must present some abnormal 
change. In knock-kneed persons (see fig. 38), tlie 
following symptoms may be observed : — The leg during 
flexion preserves its normal position ; but on its being 
partially extended, the tibia rotates obliquely outwards, 
and, when fully extended, instead of being perfectly 
rigid, it rotates laterally ; a chink may also be detected 
between the inner condyle and the head of tlie tibia. 
From these phenomena it follows, that in such cases 
the internal lateral and posterior crucial ligaments 
must be too much relaxed, so as to admit of the tibia 
being inclined inwards, and of its rocking. This may 
arise either from a very imperfect elasticity, or a de- 
ficient development of the ligaments, rendering them 
incapable of performing their proper functions. It 
also follows that the external condyle must be more 
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pressed against than the internal, — that is, at the 
anterior part where the limb is extended, which (as 
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these cases usually occur in childhood) most probably 
interferes with the progress of its growth ; and hence 
the inner condyle becomes disproportionately large, and 
altered in figure, and causes the oblique outward rota- 
tion of the tibia which is obser\'ed to take place. In 
bow-legged persons (fig. 37) the opposite phenomena 
are found, for which a corresponding reason may be 
given. The pecuhar gait accompanying each of these 
deformities is very remarkable and characteristic ; but 
as we are all familiar with it, it needs no description. 
Early attention should be paid to these complaints, 
because they soon become aggravated from the circum- 
stance that every use of the limb tends to increase the 
distortion ; and if permitted to remain uncounteracted 
tDl manhood, the cure is either uncertain, or at least 
exceedingly difficult. It does not appear that the 
muscles are primarily concerned in originating these 
disorders, although they tend to augment them when 
begun. 



CHAFfER VII. 

MECHANICAL CAUSES Of DISTORTION. 

Mechanical and other causes of distortion. — Diatortioae of the 
ankle-joint and foot. — Sketch of their normal mechanism in 
different aectinns.— Range of motion of the foot. — Action of 
its muscles. — DemOQBtration that wrong muscles are often 
selected for cutting in lalipes. — Different theoriea of club-foot, 
both congenital and non-congenital. — Malformation and mal- 
position of the bones. — Contraction of the gaatrocuemii muscles, 
arising from unequal length of legs, resulting iu talipes equiuus. 
— Cases of rotatory affections of the feet associated vith varus. 



THE ANKLE-JOINT AND FOOT. 

■ When the structure of the human aukle-joiiit and foot is 

' examined with reference to the functions of these parts, 

both in supporting and propelling the body, it is found 

■to be a piece of meclmnism most perfectly adapted to 

pts office, and calculated to excite a degree of admira- 

ion fully eqtial to that which is invariably produced 

attentive examination of the structure of the 

md. When a person stauds upright, the tibia rests 

RDD the highest portion of the articulating surface of the 

lu3; and in order that the erect position may 

maintained, and any lateral rotation ou the astra- 

aliis prevented, the surface of the latter is broad and 

sarlj horizoutal, as is seen iu the auut^xed view of a 
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transverse section (i/) of the joint (c), (fig. 40.) The 
section Y, in the same figure, shows the surfaces of the 
joint connecting the astragalus with the os caleis, which 
are parallel to, but broader* than those of section (y). 
These directions of the surfaces of the joints so eflFec- -i 
tuolly oppose the lateral movements of the foot inwards i 
or outwards, beyond certain limits, that neither tali] 
varuS) — that is, turning up the inner edge of the foot, 
nor talipes valgus, — turning up the outer edge of the 
foot, can take place without a separation, on one side 
or the other, of one or both these articulations. It 
must be borne in mind that the sections just described 
are made vertically through the central transverse plane 
of the several bones ; for the external appearances of 
the articulations, especially that of the astragalus with 
the OS caleis, are very unlike those represented in fig. 
39. In the section of the ankle-joint and foot parallel 
to the mesial plane of the body, (fig, 39,) the articu- 
lating surface of the astragalus presents nearly a circular 
arc, which allows the foot to rotate backwards and for- 
wards with great freedom in a vertical plane. Accord- 
ing to the investigations of the MM. Weber, the angle 
of greatest flexion between the leg and foot is 78° 2', 
the angle of abduction, 20° 5', and the angle of adduc- 
tion, 42" ; consequently, when either of these angles 
exceeds this limit, distortion begins. The same section 
exhibits another circular arc lying between the astra- 



* In a Bpeciraen before us, the breadth of tbe 
the other as four to three. 



e is to that of 
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Fig. 39. rig. 40. 




FiQ. 39. — A section of the ankle-joiut and foot made parallel 

to the mesial pUae of the budy ; li, e, d, the same aa in fig. 40 ; 

■ e, the OB naviculare ; /, the eecond ob caneiforme ; y, the second 

I inetatarBal boue ; fi, the firet phalangeal bone i t, ob cuboides ; 

[ A, the third os cuneiforme. 

—A transYerse section of the bones of the anWe-joint 
L and foot ; a, the external malleoluH ; b, the tibia ; c, the aatra- 
t giiaa i d, the oa calcis ; x and i/, vertical and horizontal linea. 

galus and tlie os calcis, and inclined to the superior 
arc. The motioa of the astragalus in this lower arc is 
extremely confined, owing to the nature of its articula- 
tion with the OS calcis ; but the advantage arising from 
the separation of the astragalus from the tibia and oa 
calcis, as well as from the inclination of the arcs just 
Ldescribcd to each other, is strikingly observable in 
Lconcussions of the heel, such as occur in walking, leap- 
king, &c. For, of the force impressed vertically during 
Ethese actions on the lower surface of the heel, a portion 
nly is transmitted, according to the principle of the 
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resolution of forces, to tlie astragalus, and of this again, 
owing to the incHiiatiOD of the two arcs, a portion only 
is finally transmitted to the tibia. The foot has also the 
power of rotating on a vertical axis at the ankle. In 
this joint the internal malleolus, being short, does not] 
present so large a surface to the astragalus as the' 
external, and the horizontal turning is just the reverse 
of that of the knee-joint. In the latter* it baa been 
already stated that it is the outer condyle which turns, 
while the inner is fixed ; whereas in the ankle it is the 
inner which turns, while the outer is fixed. 

The surfaces of the joints connecting the navicular 
bone with the astragalus, and the cuboid with the os- 
calcis, are traversed by the same vertical plane. The 
former is a ball-and-aocket joint, while the latter pre- 
sents surfaces nearly plane, except a small projection 
thrown forwards from the os calcis, which locks into a. 
corresponding process of the os cuboides, passing he* 
neath it backwards. It is owing to these two joints 
that the five anterior tarsal bones have no osseous im- 
pediment to that rotation round the projection of the 
OS calcis which occurs in talipes varus ; whereas this 
projection, and the length of the external malleolus, 
oppose their turning in the opposite direction. The 
cuneiform bones are so closely wedged together that it-, 
is difficult to conceive them capable of being displaced, 
independently of a corresponduig movement of the 
navicular and cuboid bones. The tarso-metatarsal articu- 

* See Motious of the Knee-joint, Chapter VI. ' 
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lationa are nearly plane surfaces, directed in different 
planes, some in advance of the others ; the metatarsal 
bones can therefore have but a very slight motion, if 
any, on the tarsi, which condition is obviously necessary 
for the preservation of the arch of the foot. The same 
remarks are not applicable to the phalanges of the toes, 
which are not necessary to support the arch of the 
foot, and have consequently considerable mobility, 
analogous to that of the fingers. The assemblage of 
bones of which the foot is composed, when in their 
normal position, presents two longitudinal arches, — the 
external and internal, — one on each side of the foot. 
The external arch is formed by the os calcis, the os 
cuboides, and the fourth and fifth metatarsal bones. 
The internal arch, which is longer and higher, is formed 
by the os calcis, the astragalus, the os naviculare, the 
three ossa cunciformia, and the first, second, and third 
metatarsal bones. These two arches have a common 
origin at the base of the tubercle of the os calcis, and 
terminate at the tubercles of the metatarsal bones. 
The cuboid and cuneiform bones are also arranged in 
an arched form, in the transverse section of the foot, 
with the convexity above. The longitudinal arches of 
the foot are preserved from being materially flattened, 
principally by the calcaneo-cuboid, the calcaneo-scaphoid, 
and the calcaneo-metatarsal ligaments. The fonner of 
these is very strong, and sustains a large portion of 
the weight of the body ; the latter prevents the bones 
of the tarsus from being separated by the pressure to 
wliich they are subjected. These ligaments, acting 
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like the bowstring on the bow, keep the arches of the . 
foot from spreading ; and their elasticity,* together 
with the nniuber of bones into which the foot is 
divided, prevents any ill effects from the jars incidental 
to progression, — an advantage which could not be 
obtained were the foot eompoaed of a single bone. 
The flanges of the great internal arch of the foot apring 
from four points, — namely, the tuberosity of the os 
ealcis, and the tubercles of the first three metatarsal 
bones ; and those of the external arch, from three 
points, — namely, the tuberosity of the os ealcis, (which 
is common to both arches,) and the tubercles of the i 
two external metatarsal bones. The pressure of half j 
the body is unequally sustained by these six parts of J 
the sole of the foot, when both feet rest on the ground -1 
iu standing. 

* I liad long BiBcc been of opinion, that the white fibroiu 
tisBuea, Bach aa the ligaments, are elastic, from b consideraiion of 
their structure and office. In order to satisfy myaelf on this 
point, 1 have lately made several experiments on the Hgameuts of 
the joints in the lower animals, and found them to possess a very 
high degree of elasticity, but a very hmited amount of extensi- 
bility. It was probably the latter circurastance that gave rise to 
the hypothesis of their being inelastic ; but if we admit that the 
ligaments are, however slightly, extensible, it follows that they 
must also be elastic ; for otherwise, the application of every force 
enfficient to stretch them would leave them elongated ; and by 
continued elongation, the whole of the joints iu the skeleton, 
would in the course of time become loosened, and finally dislo- 
cated, which is contrary to eiperience. I beheve this to be the 
first time that this property of the ligaments has been noticed,. 
fiw in the latest physiological works they are stated to be inelasdci 
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tions nf correspoQiling [lartB; a, b, c, d, e,/, are the fix parts 1 
which the arches of the foot terminate, niid a', b' 
their distancei froni the lioe x, X, ii which the weight of ti 
body acts. 

The elasticity of the ligaments, and the tonicity 
the muscles, are ordinarily sufficient to preserve tl 
arches of the foot from flattening ; but there are exci 
tions to the rule. In some persons, especially those 
a delicate organization, the ligaments ai'e not sni 
cieutly powerful to prevent the spreading of the lon^- 
tudinal arches ; and the central portion of the feet, in 
consequence, reaches the ground, while the ligaments 
and muscles become elongated, and accommodate 
themselves to this state of the foot. Persons labouring 
under such deformity walk with an awkwm'd gait 
weight of the body reaches the gromid with a gr 
concussion than in health ; and the foot, having lost 
natural convexity, appears unusually large, and of an 
ungainly figure. Girls about the age of puberty are 
often affected with this relaxation of the ligaments. 
Surgical instrument makers, ignorant of the proper 
treatment, have endeavoured to preserve the longitu- 
dinal arches of the foot by raising the middle part of 
the sole of the shoe ; but it is scarcely necessary to point 
out the absurdity of this method, by which pressure is 
made on the only parts of the foot which were designed 
by Nature to be protected from pressure, and produces 
mischief without accomplishing the object sought. 
When attempts are made to restrain the lateral expan- 
sion of the transverse arches by contracting the dunen- 
sious of boots and shoes, the corns and bimions thus 
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produced sufficiently show, without any lengthened 
reasoning on the subject, that such a remedy is utterly 
inadmissible. Under ordinary circumstauces, the foot 
cannot turn much beyond the limits already assigned, 
without stretching some of its ligaments. If the latter 
are in a healthy condition, great force is necessary to 
stretch them even to a very small extent, and when that 
force is withdrawn, they quickly return to their original 
length ; but they will rupture rather than yield to a 
considerable stretching force, especially if it be suddenly 
applied. When, on the contrary, the hgaments are 
weak, and possess a low degree of elasticity, the foot 
may be easily distorted in almost any direction in which 
it is susceptible of moving ; and although the ankle par- 
takes so largely of the nature of a hinge-joint, it is not 
rigidly so, Uke the elbow-joint, and is therefore capable 
of the movements already described. 



The muscular force employed to keep the limbs in a 
state of equilibrium is under the control of the 
nervous system ; and it has been already demonstrated in 
Chap. III. that this equilibrium is in nowise dependent 
on the equality of power residing in the muscles which 
oppose each other's action, but that, on the contrary, the 
power of the extensor muscles in general greatly pre- 
dominates over that of the flexors. This principle 
^plies to the muscles of the foot,* and it may therc- 

* 1 do not here intend to follow Rudolpbi, Wallher, and 
sthen, wbo class ttif gastroctiemii with the flexors of the foot, 
vhaterer may be their analogy to the flexors of the hand. 
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fore be easily imagined, that when their eqiiilibrium 
is disturbed, the action of tlie strongest will generally 
preponderate, and that distortion ot the limb will 
follow. This, however, is not always the case. The 
extensors may happen to be the muscles paralyzed, and 
then the limb is distorted in the opposite direction. 
Now, although the muscles arc not the primary causes 
of distortion of the foot, moat pathologists agree that 
they are at least the agents employed in the produc- 
tion of many of its forms. In consequence of the com- 
monly received opinion, that the elongation of one set 
of muscles, and the contraction of another, are the 
obstacles to be overcome in the treatment of such dis- 
tortion, sections of these muscles have been extensively 
employed by surgeons in England, Prance, and Ger- 
many ; and it is contended that this is the most effica- 
cious and proper treatment to restore muscles, which 
are either too long or too short, to their natural length. 
Such being the practice, it is manifestly of the greatest 
importance to ascertain precisely the normal functions 
of the muscles selected for the operation ; since other- 
wise muscles may be mutilated to no purpose, as has 
often been the case in these and similar functional 
maladies. I shall select one or two instances to illus- 
trate the necessity of exercising this caution. 

There are perhaps no muscles in the human body 
that have suffered to so great an extent from operative 
surgery in distortions of the feet as those which ter- 
minate in the tendo-Achillia ; let us therefore first 
examine the real influence of these muscles on the 
movements of the foot. If a vertical section of the 
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ankle-joint ia made through tlic centre of the astra- 
gahis, parallel to the mesial plane of the body, the 
plane of the section will lie on the inside of the heel, 
as in X, fig. 42. When, therefore, the tendo-Achiliis 




Fig. 42. — A posterior view of the left (.a calciB and the nslra- 
galuB, showing the action of the gHstrocnemii muBcles ; o, the 
astragalns ; /;, the oh colcia ; x, the axis of the horizontal movement 
of the foot ; A', the direction of the force of the tendo-Achillia. 



raises the heel in the direction of X, it must also tend 
to raise the outer edge of the foot, with a leverage 
whose length is tlie distance between X and .r ; and 
when the gastrocnemii muscles are spasmodically con- 
tracted, or their opponent muscles paralyzed, they may 
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pro- 



be instrumental with the aid of the peronei 
ducing valgus, or cquino- valgus.* 

Hence it is obvious that if in talipes varus the 
tendo-Achilhs is cut, it must increase the mischief ; for 
one of the counteracting forces to the muscles which , 
really produce the distortion is thereby rendered power- 
less. It is well known that the peronei muscles tend 
to raise the outer edge, and the tibiales the inner edge, 
of tbe foot ; and if these tendencies balance each other, 
the action of both sets of muscles will be confined to 
extending and turning the foot. This has been verified 
by the experiments of the MM. Weber, who found that 
when the heads of the peroneus longus and brevis, and 
the posterior tibial muscles, were cut, and the muscles 
themselves simultaneously pulled, the foot was extended. 
The same thing happened when one of the peronei and_ 
the posterior tibial were pulled ; but neither of these 
muscles was by itself capable of producing this effect. 
Surgeons who advocate the practice of tenotomy will 
therefore do well to consider very carefully the conse- 
quences of suspending, even for a time, the action of 
parts, which, if improperly neutralized, may perhaps 



* In the distorted foot of an anencephalons fcetua of sevea 
months, Totirtual found that the navicular and tuboid bonea were 
rotated on their axes, and that the aBtragaius v/oa partially di»< 
placed, the posterior articulating surface being in contact with 
the tibia, owing to the extended position of the foot : the oa 
Hcapboides touched the internal malleolus, and the posterior 
tuberosity of the os calcia wae drawn towards the fibula outwards 
and upwards. 
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render incurable a disease that might otherwise have 
been subdued. 




THEORY OF THE ORIGIN OF CLUB-FOOT, 

A great diversity of opinion has existed, from the 
time of Hippocrates to the present, respecting the 
origin of the various forms of club-foot. An excellent 
summary of these opinions will be found in Dr. Little's 
treatise on the subject. A minute examination of the 
various hypotlieses already promulgated would lead to 
a very lengthened inquiry, attended with little advan- 
It will, however, be desirable to take a glance 

some of the more important of these views, in order 
to appreciate the present state of our knowledge in this 
branch of surgery. We will, in the first place, turn our 
attention to the opinions respecting the origin of con- 
genital club-foot. Many children exhibit at their Ijirth 
some land of distortion of the foot, consisting either in 
a malformation or a malposition of its bones, associated 
with abnormal contractions of some of the muscles. In 
this part of the subject we at once encounter difEcultics 
of no ordinai-y nature. The infant is deformed during 
its development in the uterus. What, then, is the cause 
of this deformity ? CruveUhier and others think that 
the malady is owing to malposition of the limbs of the 
foetus, in relation to each other and to the body, by 
which their mutual development is impeded, — thus 
ascribing to it a mechanical origin. Stronieyer is of 
opinion that, if contraction of the gastrocncmii muscles 

Lea place in the earlier periods of utero-gestation, and 
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before the development of the internal malleolus and the 
ligaments connected with it, talipes vania results ; but 
that, if the contraction of these muscles takes place after 
the malleolus and ligaments of the ankle-joint ai'e per- 
fectly formed, tahpes eqninus, cither with or without a 
slight inward inclination of the foot, is presented at the 
birth. Glisson and Camper attributed this deformity 
to distortion of the astragalus ; Naumberg and Wenzel, 
to its malformation or malposition ; Blumenbach, to the 
shortness of its neck. Dr. Little concurs in the con- 
clusions of Scarpa, that of aU the bones of the tarsus 
the astragalus is the least liable to distortion, and that 
this fact alone is sufficient to prove the possibility of 
curing infantile talipes varus. He is also confirmed in 
the opinion, partly derived from the views of Rudolphi, 
Jorg, and Stromeyer, and partly from his own investi- 
gation into the symptoms and morbid anatomy of the 
disease, " that club-foot, whether occurring in the fcetal 
state, or subsequently, is merely a distortion of parts 
originally well formed." Rudolphi appears to have 
taken a rational and scientific view of the origin of con- 
genital tahpes. He supposes the malady to arise during 
the fcetal state from some disorder of the nerves sup- 
plying the distorted Urab. The experiments of M. 
Bonnet show that the tibial nerve is the motor of the 
flexor and adductor muscles, and the nerve of sensa- 
tion of the plantar side of the foot; and the peroneal 
nerve the motor of the extensors of the toes and 
abductors of the foot, and the nerve of sensation on 
the dorsal side. A diminution or loss of power in 
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eitlier of these nerves produces deformity, owing to the 
preponderance of the action of the muscles which 
antagonise those supplied by the affected nerve. The 
section of the tibial nerve accordingly produces valgus, 
and the section of the peroneal nerve, pes eqiiinus and 
varus, as well as equino-vania. Hence it follows that 
prolonged iiTitation or spasm of one of these nerves 
produces a corresponding deformity. Wolff and others 
axe likewise of opinion that nervous affections are the 
fundamental cause of these distortions ; cramp produc- 
ing one kind of deformity, paralysis the opposite. This 
hypothesis may be entitled to further consideration at a 
future time, but it is not necessary to examine it more 
minutely at present. Non-congenital club-foot often 
arises shortly after birth, and at various subsequent 
ages. Numerous causes tend to disturb the nervous 
system in infancy and the subsequent stages of deve- 
lopment. During the period of teething, cramps of the 
limbs and general convulsions are common, arismg from 
irritation, either in the gums or the intestinal canal, 
fee., and acting through the reflex system of the spinal 
nerves. These effects are sometimes permanent, 
remaining after the cause of irritation is removed : in 
such cases there is probably some change produced in 
tiie central portion of the nervous system, which causes 
f the contracted state of the muscles of the limbs, and 
I which the power of volition cannot afterwards control. 
Infantile club-foot may exhibit the same malposition of 
parts which occurs in the fcetal state, and there is no 
distinguishing mark to determine whether the disease is 
of congenital or non-congenital origin. 
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When cases of vanis and valgus are neglected, and 
the patient is permitted to walk for a length of time on 
either edge of the foot, the tarsal bones become dis- 
torted, and the case is irremediable. Dr. Colles relates 
two cases at the ages of five and eighteen, in which these 
bones had become distorted by walking with the foot in 
the position of varus. Other cases are mentioned by 
Jorg, in persons aged thirteen and sixty ; in the latter 
of which there was twisting of the tibia and malforma- 
tion of the astragalus, and the articulation of the ankle 
was transformed from a ginglyraoid to a ball -and-socket 
joint. Thus, in the early stage of club-foot, we have to 
deal, in many cases, with malformation of the tarsal 
bones, and an abnormal contraction of muscles ; but in 
cases of long standing we may have malposition com- 
plicated with lUiilformation. In confinnation of this 
statement, there are, in addition to the researches of the 
authors already mentioned who have written on the 
morbid anatomy of chib-foot, many preparations in the 
various museums of Europe. In illustration of abnor- 
mal contraction of the muscles produced by mechanical 
causes, may be cited that of the gastrocnemii, resulting 
from an unequal length of the legs. In cases of this 
kind, which are not unfrequent, persons generally 
resort to walking on the toes of the shorter foot, in 
order to make up the deficiency. After having used 
the foot in this manner for a considerable time, its 
extensors become contracted, and the heel cannot be 
brought to the ground ; thus giving rise to talipes 
equinus, and, if tlic contraction be great, to equino- 
valgus. Some of the ciises of talipes equinus related I 
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Dr. Little appear to have thus originated. He observes 
— " The legs are often shorter, in proportion to the 
stature of the individual, and the feet usually smaller. 
I have sometimes found, when one limb only is affected, 
the difference in the length of the extremities amounted 
to as much as four inches." These arc precisely the 
cases in which pea equiims results from those sponta- 
neous adjustments which, according to the laws of 
dynamics, are necessarily produced, in order to com- 
pensate for the deficiency in the length of the leg. Such 
being the origui of these cases, it is easy to deduce the 
nature of the appropriate treatment. If the persons 
threatened with this deformity were not suffered to 
walk on then' toes to make u]) for the deficient length 




Tolipea equinus. 
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of the leg, no contraction of the muscles would take 
place. But, if contraction has already occurred, what 
would happen on the division of the connected tendon ? 
The foot extended iu the poaition (tig. 43), is capable 
of being flexed after the division of the t^ndo-Achillis, — 
a position which enables the sole to assume a horizon- 
tal direction ; but when this is done, the foot cannot 
reach the ground ; the leg, therefore, again becomes too 
short, and a high-soled shoe, or some similar expedient, 
must be used, to make up for the deficiency of length. 
The section of the tendon does not remove the cause, 
but merely one of the effects of the complaint. These 
cases should not, however, be allowed to exist ; for if 
patients were supplied from the first with proper 
means of walking, this distortion would never take 
place. 

In some persons, the rotation of the foot on the 
ankle-joint horizontally inwards is augmented by the 
rotation of the whole leg in the same direction ; and it 
is not unconnuon to see individuals walking in the 
streets with the toes of both feet pointing towards each 
other,— that is, directed perpendicularly to the mesial 
plane of the body. These cases sometimes begin in 
varus, and end in a rotatory movement of the feet 
through an arc of ninety degrees. A case of this kind, 
in a boy aged three years, is now under tlie author's 
care. The feet, when lifted from the ground, are in 
the position of talipes varus, the os naviculare being at 
the same time drawn towards the internal malleolus; 
but when the soles rest on the ground, the feet rotate 
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inwards, owiug to the contraction of the tibialis posticus, 
SO as to be at right angles with the mesial plane. 
When the feet are put into their normal position, which 
is easily effected by a slight pressure of the hand 
(although they relapse into varus as soon as the hand 
is removed), the muscles concerned in producing this 
deformity are slightly extended, but they do not act 
strongly or present any material obstacle to the reten- 
tion of the feet in their normal position by the ordinary 
mechanical treatment. 



CHAPTER VIII. 



MECHANICAL AND OTHER CAUSES OF DISTORTION.^ 



Distortions of the foot (continue 4). -— Talipes calcaneua. — 
Tenotomy .1 — Calcaneo-mctataveal lieament not inBtrumental 
in the production of tfllipea. — Congenital malformation of tarsal 
bones, — ItB treatment only palliative. — Alterations in the form 
of the tarsal hones produced by mechanical causes. — Case 
illustrating this form of distortion. — The hand Uahle to dis- 
tortion. — Various positiona which it may assume. — Theory of 
abnormal contraction of musclea.-^Power of elougation in 
antagonists of contracted ntuscles illustrated. 



i 



Besides the several forms of talipes described in CI 
VII., in which the foot, being preternatural ly extended, 
abducted, or adducted, gives rise to tahpes equinus, 
taHpes equino-varus, and talipes equino-valgus, there is 
another form which is more rare, less permanent, and 
attended with less injurious effects — namely, talipes 
calcaneus, in which, when the body is upright, the 
heel only rests on the ground. In this condition of 
the limb, the action of the flexor musclea of the foot 
preponderates over that of the extensors, which is con- 
trary to the tendency of the action of muscles in general. 
This form of distortion is often congeiiital, but may 
arise at any period of life, if the motor nerves of the 
flexor muscles are in a state of exalted action. In the 
earliest stages of infantile existence, when the apiue is 
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unable to support the head and trunk, the body falls 
backwards and forwards, unless it is supported. In- 
fants are often suffered hy parents and nurses to remain 
with the trunk in a flexed position, by which means 
the spina! cord is bent, and the anterior column more 
or less compressed, and forced into a curve correspond- 
ing to the flexion of the body. Under these circum- 
stances, in conjunction with various other causes which 
operate on the nervous system of infants, it is not 
surprising that the foot sometimes takes the form here 
mentioned. This may happen either in one or both 
limbs ; but, as the foot can be extended with very 
little force, and the powerful extensor muscles are ready 
to aid any mechanical means that may be employed 
to correct the distortion, while the weight of the body 
tends to bring the foot into its natural position as soon 
as the patient is old enough to walk, little difficulty is 
experienced in restoring the foot, by very simple 
methods, to its natural state, Mr. Tamplin, however, 
considers the section of numerous tendons necessaiy in 
these cases, and gives the following directions : — 

" The plan I have adopted is the following : — to 
pass in a small sharp-pointed knife on the inner side of 
the extensor communis, beneath the tendons of that 
muscle, and also that of the peroneus tertius, and to 
divide them ; then to introduce the knife on the outside 
of the anterior tibial and extensor poUicia tendons 
(which you wiU find raised from the joint), pass it 
inwardly (as it regards the leg) beneath them, turn the 
sharp edge of the knife to the tendons, and divide 
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them ; you will then avoid the risk of puncturing tho 
aDterior tiViial artery, which, although it m'ujht be com- 
pressed easily, had belter be avoided"'* 

This passage affords a fair illustration of tlie general 
practice of those who beheve that the section of tendons 
is the proper treatment in these cases of infantile dis- 
tortion of the foot. But, after what has been akeady 
stated in Chap. III., relating to the subject of myotomy 
and tenotomy, it will be unnecessary to express any 
opinion on the treatment recommended by Mr. Tampliu 
in these particular cases. 

Maisonneuve and others consider that the calcaneo- 
nietatarsal ligament, or aponeurosis plantaris, is in- 
strumental in the production of talipes varus. Delpech, 
on the ooQtrary, rejccta this hypothesia, because it is 
insufficient to explain the occurrence of talipes valgus ; 
but it appears to the author that both the hypothesia 
and the objection are equally groundless, smce a close 
examination into the relative positions of the several 
points of attachment of the ligament in question will 
be sufficient to convince any person, having even a 
slight notion of mechanics, that its contraction cannot 
possibly produce abduction or adduction of the foot, 
much less varus or valgus. The office of this ligament 
(as stated at page 121) is to preserve the longitudinal 
arches of the foot, and its attachments are arranged 
accordingly. It may here be observed that the func- 
tions of the ligaments have not been sufficiently studied. 



* Tamplin's Lectures on Deformity, p. 69, 90. 
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and that little is known of their jmthology- Their 
extensibility and contractility under ordinnry cirenra- 
stances arc confined within very narrow limits ; but 
ihese properties vary in different persona. Some per- 
sons have very little mobility in the joints of the spine 
nnd extremities. Others, used to gymnastic exercises, 
can bend the trunk backwards, and touch the ground 
with the back of the head, showing a great degree of 
extensibility, and a diminished force of elasticity in the 
perpendicular nnd crucial ligaments of the spine. 

When distortions of the foot arise from congcnitai 
malformations of the bones, it is obvious that the treat- 
ment, although it may often be of great service, can 
only be paUiative. Long-continued use of the feet in 
Certain positions will, moreover, so materially alter the 
figure of tantal bones originally well formed, as to 
render the case equally intractable with those of con- 
genital malformation. The following case will serve 
as an example : — 

The patient, a gentleman, aged fifty years, hving in 
the country, states that he had enjoyed perfect health 
until he was six years old, but that in November 
1S03, after frequently sitting on the ground, he was 
seized with a fever, which for a time seriously affected 
the brain, and was attended with cutting pains in the 
calf of the left leg, which from that time began to lose 
a portion of its volume. When the febrile symptoms 
liad subsided, he had recourse to the warm baths at 
Bath, which were continued for six months. He then 
began to tread on the external edge of the foot, and 
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had recourse to iron supports. The temperature of 
the deformed leg is much lower than that of the other, 
and he suffers much in it from cold and chilblains 
during winter. Since the first attack he has suffered 
once from rheumatic fever, owing to lying in a 
damp bed ; and was confined a short time from an 
injury of the spine, produced by the seat of a mail- 
coach, which has left a clironic pain in the back. On 
examination, I found that the astragalus had rotated 
with the 03 calcis laterally inwards ; the cuboid and 
internal cuneiform bones nearly approximated, and 
the five anterior tarsal, the metatarsal, and phalangeal 
bones, had rotated through an arc of 156°, so that the 
plantar side of the foot turns upwards, as seen in fig. 
44, and tho patient walks on the dorsum of the foot. 



Fig. 44. 




The compression on the aide of the transverse arch, 
produced by the weight of the body, has made a 
longitudinal funow in the sole of the foot (fig. 45). 
As the foot, iu its present state, is ill adapted to sus- 
Amu the weight of the body, and the friction incidental 
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to walking on its doi'sal surface, tlie skin forrrnTly 
became abraded, and the |)atient walked with pain 
and difficulty. To remedy this evil, he contrived a 
boot, which suited the altered form of the foot, and 
being wadded, protected the skin from injury ; by 
which means he can walk aa many as twenty miles in 
a day. The deformity has existed from the period of 
his sixth year, and the exercise of the foot in the posi- 
tion already described, diu-ing so many years, has 
produced such an alteration in the articulating surfaces, 
and in the figure of the tarsal and metatarsal bones, 
that there is no longer any prospect of restoring the 
part to its normal state, either by mechanical or sur- 
gical treatment. The patient is willing to submit to 
the amputation of the limb ; but as he is capable of 
walking many miles with the limb in its present state, 
and merely presents a Umping gait in walking, I 
advised him to continue the use of it ; and he nlti- 
inately agreed with me that an imperfect natural limb 
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is better than a wooden one. This is one of the cases 
continually presented to the surgeon, wherein remedial 
measures have been neglected in the early stages of 
the complaint, when success is scarcely doubtful ; and 
which in the course of time become of so intractable 
a character, as to render a cure impossible. It 
appears that during the fever the patient had been 
delirious for about a fortnight, and at the same time 
had lost the use of both legs, one of which only re- 
covered. Hence there can be little doubt that, under 
the attack of fever, the spinal cord suffered some per- 
manent organic lesion. In fact, the majority of cases 
of talipes proceed from causes which, as far as obser- 
vation extends, are not of a purely dynamical nature ; 
but, aa ia stated in page 129, are referable to some 
disordered condition of the excito-motor portions of 
the nervous system. 

When these disorders arise early in life, the muscles 
affected, not being fully developed, are easily brought 
into a normal position ; but when remedial measures 
have been long neglected, the muscles not only offer 
greater resistance, but, according to the principles al- 
ready detailed in Chap. III., become contracted. When, 
for instance, muscles, such as those which raise the 
heel in walking, and which are instrumental in the 
production of talipes equhnis, are affected in the adult, 
it may readily be imagined that, owing to the size of 
these muscles, considerable force would be necessary 
to stretch them ; but it must be remembered that in 
this case the weight of the body would act at ^, 
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mechanical advantage in depressing the heel, while 
the muscles would not be opposing tiie depression with 
their normal power. When the fendo-AchilliB is di- 
vided, the distorted limb requires to be kept in the 
proper position for a considerable time. Tlie author 
has been called in to complete the cure of cases of 
tenotomy, which, although the subjects were young 
persons, required the use of instruments many months 
after the division of the tendon. This circumstance 
furnishes an additional argument against tenotomy iu 
general, since in many cases the cure is not hastened 
by that mode of treatment. 

The superior extremities arc much less subject to 
distortion than the inferior, the latter having a far 
greater amount of labour to perform, in the daily 
exercise of supporting and propelling the body. The 
joints of the superior extremity are in like manner less 
subject to disease than those of the inferior, and para- 
lysis and spasm of the muscles are less frequent, while 
the distortions which do occur are often the result of 
mechanical violence. Practurea of the clavicle, acromion, 
coracoid process, and neck of the scapula, when ne- 
glected or improperly treated, leave the positions of the 
two shoulder-joints unsymmetrical, and attended with 
an impaired range of movement in the arm. Although 
the shoulder and hip are joints of analogous structure, 
the former usually escapes those serious affections 
which so commonly happen to the latter. The analogy 
between the structm'es of the elbow and knee joints is 
not so close, yet the proportion of their morbid states 
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is perhaps nearly the same with that existing between 
the shoulder and hip joints. The simplicity of the 
structure of the elbow, compared with the knee, is 
among the causes tending to preserve the former from 
disease ; but if we take into account the cases of dis- 
tortion resulting from mechanical violence, the elbow 
is, of the two, much the more subject to derangement. 
When persons fall from a great height, they rarely 
reach the ground on their feet. In the act of falling 
the body is usually inclined to the horizon, and the 
impulse given to it at the moment of departure generally 
causes it to rotate more or less on its long axis, about 
the centre of gravity, and thus the head and superior 
extremities often reach the ground before the feet, and 
as the arms are naturally extended to break the force 
of the fall, fractures, dislocations, and concussions, 
terminating in contractions of the limbs, with 
diminished range of motion, often result. It is, indeed, 
very surprising how many of those who fall from great 
heights escape instant death, or at least the most 
serious consequences. The natm^ of the ground on 
which the body falls produces very great differences in 
the effects. Thus one person may fall from the top of 
a cliff eighty feet in height, but, in consequence of 
pitching upon the loose gravel of the beach, escape 
with a few trifling bruises j whilst another, in walking 
along the pavement of London, accidentally slips, falls 
backward, strikes tlie occiput against the edge of the 
ctu'b-stonc, and fractures the skull. The latter case is 
, and an instance of the former happened not 



MECHANICAL AKD OTHER CAUSES OF DISTORTION. 145 



long since, at Ramsgate. The foUowinp; occurred 
among many similar cases in the author's practice. 
A painter, standing on a ladder, fell to the ground 
from the height of forty-five feet, pitched ou some soft 
earth in a garden, and escaped with only a fracture 
of the coracoid process of the scapula. When it is 
borne in mind that the force with which the body 
reaches the ground is as its weight multiplied by the 
velocity acquired during its descent, it is astonishing 
that any such accidents should not end fatally ; but 
tbese occurrences show how beautifully the mechanism 
of the body is adjusted to resist the severe shocks to 
which it is liable. There will be found, in Sir Astley 
Cooper's Treatise on ^Fractures and Dislocations, many 
examples wherein external violence has injured the 
mechanism of the joints, and distorted the positions 
of the linibs ; and the nature and treatment of diseases 
of the joints have been so fully considered by Sir 
Benjamin Brodie, M. Bonnet, and others, that it is 
needless to enter here into any detaded account of these 
liranehes of the subject. 

Anchylosis of the joints of the superior extremities 
is not so prejudicial in distorting other portions of the 
Ijody as when it occurs in the legs. The loss of power 
to swing the arm, owing to an anchylosed state of the 
shoulder-joint, tends to occasion twist of the trunk ; 
hut fortunately these cases are of rare occurrence. 
Anchylosis of the elbow-joint would not have the same 
tendency to alter the figure of the trunk. The fore- 
arm and hand may be fixed in a state of pronation or 
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supination, either from an altered state of the joints, 
or from contraction of thy muscles. The structure of 
the wrist allows it a greater freedom of motion than 
the tarsus, the bones being smaller and weaker, and 
endowed with a greater degree of mobility, so as to 
enable the hand to perform its various movements. 
By means of injections, M. Bonnet has shown the 
various positions which the hand may assume in cases 
of effusion within the joints. He states that the fre- 
quent participation of the second row of the carpal 
bones in the diseases of the fii'st is owing to the pro- 
longation of the synovial membrane from the first to 
the second. The hand is liable to distortions of the 
same uatm-e as the foot ; — that is, under those patho- 
logical conditions of the nervous system which, by 
producing spasm and paralysis, disturb the equilibrium 
of the muscular forces. The hand may be retained in 
a state either of transient or permanent flexion, exten- 
sion, abduction, pronation, or supination, according to 
the class of muscles involved in the malady. lu the 
majority of cases, the influence of the principle already 
mentioned is observed ; namely, that the greater 
amount of action takes place in the most powerful 
muscles, rather than in the weaker ; only iu the hand 
the flexors are more powerful than the extensors, an 
exception to the rule observed in other parts of tlie 
body. When the extensor muscles are paralysed, 
their antagonists draw the hand into a state of perma- 
nent flexion ; for these muscles, having lost their 
normal tension, become permanently contracted, and 
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the limb, not being exercised, becomes more or less 
atrophied, as may be observed in many cases of club- 
hand. 

Pathologists do not appear to have observed with 
much attention the changes which muscles undergo 
when released from the tension and action to which 
they are subjected in their normal state. Abnormal 
contraction, as well as elongation, takes place slowly 
and gradually through minute spaces. If a limb, such 
as the arm, is kept bent during twenty-four hours, 
there is a sense of distress when it is again extended ; 
but, if the period of its being retained in a bent posi- 
tion is prolonged to some weeks, the limb cannot at 
once be perfectly extended. Or let us suppose the 
period of continued relaxation of the extensor muscles 
of the leg to be six weeks, and the consequent con- 
traction during that time to be an inch, which agrees 
with an observed case in an adult, then, since the 
contraction is gradual, if we also suppose it uniform, 
l-40th of an inch will be the contraction each day, and 
the muscles will require time to recover their normal 
length, resisting any sudden elongation with an energy 
proportional to their masses. Since, then, the law of 
elongation is similar to that of contraction, we see why 
persons who attempt suddenly to elongate a muscle 
must fail, although the desired effect may be easily 
accomplished by promoting the gradual restoration of 
muscles to their normal length. A man who had 
fractured the patella of the right knee, slated that, in 
the treatment of this injury, both legs had been kept 
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in an extended position for several weeks ; that when 
he was released from this position, the range of motion 
of the sound leg was much reduced, and that it was 
some time before he could flex that leg at right angles 
with the thigh. The right leg had lost the power of 
rotation beyond about 45°, an effect which most pro- 
bably depended, partly on distortion of the patella, 
and partly on contraction of the extensor muscles, and 
not on any elongation of the flexors ; for on that sup- 
position the limb might have been fully bent by the 
aid of the hands, which in this case was impracticable. 
The unsound leg was unable to support the weight of 
the body steadily, so that he had recourse to the use 
of crutches for a long time. The gradual restoration 
of the sound leg to a normal range of motion, by 
mere exercise of the limb, proves beyond dispute the 
possibihty of muscles becoming elongated simply by 
the action of their antagonists, whenever the natiu-e 
of the case admits of the adoption of this principle. 
This is, however, a subject which will occupy par- 
ticular attention subsecjnently. 
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^loDditions of the body in caries, rickets, mollitiee oesium, and 
difficulty of obtaiDiDg the natural history of theee dieeascB. — 
Difficult problems presented in the study of these ca-see. —No 
theorem farniahed to solve the questions presented. — Move- 
ments of the vertebrae conaequent on the absorption of their 
bodies; parts of vertebrse attacked. — Hypotheses of Ambrose 
Pare and Dr. Harrison refuted.— Constitutional Bymptoms.— 
Effects on the spinal cord. — Hypothesis of luxation of vertebrffi 
untenable. — The proposition, that prominence of the epinoua 
processes is not owing to their being driven backwards, de- 
monstrated. — Figure of the spine due to the form of the bones. 
— Intervertebral cartilagea Bometimes hypertrophied — some- 
times absorbed. — Spongy Btrncture of bone most liable to be 
affected with caries. — Caaea of caries. — Hypotheaia of dyacrasy 
of the blood.— ViewB of Pott, of Sir B. Brodie, and of Du- 
puytren. 



The pathology of the body under the various con- 
ditions whicli terminate in caries, rickets, mollities 
ossimu, &c., deserves the moat careful and unwearied 
attention, not only on account of their aggravated 
nature and injurious effects, but also on account of 
their general prevalence. Their duration is modified 
by various circumstances. When caries is associated 
with syphilis or scrofula, the period of time over which 
it extends is greatly augmented; hi syphilitic patients. 
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frequently terminating only by the death of the victim ; 
but in those cases which are not aggravated by a 
specific cause, and which occur in young persons, tbe 
duration of the malady is more defined, and extends 
over a shorter period, varying from three to about seven 
years. It very rarely happens that these cases are left' 
entirely to nature ; and since we do not know precisely 
how far the remedies employed may have affected their 
character and duration, it is impossible to give a strictly 
natural history of the disease ; stiU an approximation 
may be made to such a history, because, in spite of all" 
the means hitherto devised, the disease will frequently 
run its course through certain stages, present certain 
characteristic phenomena, and terminate in certain 
organic changes, leaving permanent and lamentable 
traces of its effects. Notwithstanding this melancholy 
truth, it is a disorder in which much might be done 
both to weaken the intensity of the excitmg causes,' 
and to diminish their effect. 

The study of the derangements of the vital functions* 
coincident with the earliest appearance of the symp- 
toms common to them all, is the first and most im- 
portant step towards obtaining a correct and general 
knowledge of the pathology of the disorders. After 
this, the symptoms peculiar to the various forms and 
stages of the difierent diseases require to be most 
closely observed, and rigidly discriminated. In 
reference to the whole of the perturbations of the vital 
and animal functions which come under our observa- 
tion, it is necessary to make a clear distinction between 
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causes and effects. The nature of many of the patho- 
logical changes being beyond the reach of our observa- 
tion, we are obliged, from the alterations of structure 
discovered by means of morbid anatomy, to infer what 
were the pathological conditions that preceded the 
death of the individual. But here we are met by 
another difficulty. In most cases, the patient either 
wholly recovers, or at any rate survives the active stage 
of the disorder ; and thus a long series of changes may 
intervene before the opportunity of an examination 
occurs, and hence the determination of the actual 
derangement of the system during the progress of the 
complaint is rendered much more uncertain. We have 
in these cases to deal with disordered fnnctions in parts 
of the system where the mechanism cannot be 
inspected, and in which the laws of the functions them- 
selves are undetermined. In fact, this problem is one 
of much greater complexity than that inverse problem 
of the planetary perturbations which has been recently 
solved by Mr. Adams and M. Le Verrier, and which has 
terminated in the discovery of a new planet. We have 
no observations analogous to those furnished by Flam- 
stead, Picard, and Bouvard, and no law like that of 
gravitation on which to found our investigations. The 
perturbations of the functions of the animal system are 
much more difficult of solution than those simply relat- 
ing to the motion of bodies, because they are influenced 
by dynamical and chemical forces that are themselves 
controlled by an agency the nature of which is yet a 
mystery. 
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It may be said that we have no men in the media 
profession of the same powerful intellect as those ' 
have brought the exact sciences to such a pitch of per- 
fection. But have we not had Dr, Thomas Young ? — 
have we not had Cavier? — have we not had , 
Hunter? Of these, the first was a man of the : 
distinguished talent, and possessed so profonnd i 
mathematical knowledge of the physical sciences i 
would have rendered liim competent to 
problems such as those under consideration, had the 
necessary data for this purpose been furnished ; but to 
his philosophic mind the art of medicine appeared a 
complete chaos, and the only physiological question he 
attempted to investigate was abandoned by him, as he 
himself has stated, through despair of bringing the sub" 
ject to a satisfactory conclusion. Cuvier and Hui 
spent the principal part of their lives in describing thj 
mechanism by which the animal functions are pew 
formed, but could not proceed farther. They ( 
neither detect the nature of the forces by which ' 
machinery is moved, nor the laws of its motion ; thd, 
labours were limited by these boundaries, and all their 
attempts to proceed farther than the classification of 
animals accorduig to their organization, completeljl 
failed. It is well known that Matteucci and othei 
have made experiments with a view to determine tbi 
kind of force associated with nervous matter when i 
action ; and, considering what has been already accontJ 
phshed, it is not impossible that similar experimeuta 
may lead to successful results. After what has ■ 
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smd, it will not be expected that a general theorem 
should be furnished, whereby all questions relating to 
the physical changes going on in the living body may 
be solved, as has been done with respect to all those 
changes which affect merely the various movements and 
attitudes of the body, both normal and abnormal. 

Experiments have shown that the old particles of the 
bones, like those of all other parts of the body, are 
carried away in the vortex of the circulation, and are 
replaced by new particles, similar in their nature, com- 
position, and structure, to their predecessors. Where 
there is so much activity in the movement of the par- 
ticles, and while the mechanism is so complex, it is 
easy to conceive, without knowing the nature of the 
forces employed, tbat so large a number of organs con- 
curring to one end must be as liable to derangement, 
either primarily or secondarily, in the osseous system, 
as in the other structures of the body. Spontaneous 
caries of the vertebra3 does not present itself simply as 
a local affection, there evidently being a peculiar con- 
dition of the system under which the disease is induced. 
Before any local symptoms sufficiently marked to fix 
the attention arise, the general system betrays that 
something is wrong. / Patients predisposed to this 
affection show symptoms of constitutional derange- 
usually at some period between the limits of 
asfancy and puberty. They are observed to become 
gradually weak and languid, with the mind depressed, 
and temper fretful, and to suffer fatigue merely from 
the act of standing, accompanied by a desire to rest the 
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body against any adjacent object for support ; the 
appetite is deficient, correspouding to the atonic state 
of the digestive organs ; the normal balance of the 
assimilating, absorbing, and secreting processes is 
disturbed, as may be inferred from the pallid coun- 
tenance and ansEratc state of the body ; the pulse is 
usually feeble and quickened ; the skin subject to 
periodical perspirations, which are usually nocturnal ; 
the urine contains phosphatic earths, which the assimi- 
lating organs do not replace in the diseased bone. 
When these perturbed conditions of the system have 
continued a short time, pain is felt in some portion of 
the vertebral column, which is increased on alternately 
extending and flexing the body. The locality of the 
injury may now be detected, either by pressure with 
the finger causing increased pain, or by gentle percus- 
sion ; the latter being the most etficacious method, 
owuig to the transmission of the impulse from the 
spinous processes of the body of the bone, which is 
commonly the seat of the mischief. If any absorption 
of the bodies of the vcrtehne has taken place tending 
to diminish their height, the spinous processes of the 
diseased and adjacent vertebrte will appear, on viewing 
the back laterally, to project slightly backwards, either 
within or without the mesial plane, and the number of 
the {>rojectiDg processes will in some measure indicate 
the number of diseased vertebrse, deducting at least 
two, for the vertebrse immediately above and below. 
In the first stages of the disease, the projections of the 
spinous processes are only just perceptible. As the 
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absorption of the osseous matter proceeds, they increase, 
and the trunk falls forwards — the amount of the dis- 
tortion depending on the number of vertebra3 affected, 
and the quantity of matter lost. As the malady 
progresses, the pain in the back increases, and the 
nervous system becomes more disturbed. When the 
absorption is completed, the bodies of the vertebras 
above and below come in contact, and afford to each 
other a fulcrum which resists further distortion, and 
gives support to the head and trunk. In subsequent 
stages, the intervertebral cartilages and ligaments of 
the part affected become diseased and absorbed, leav- 
ing the sheath, at the anterior column of the spinal 
cord, exposed. If any of the vertebra; happen to press 
permanently on the cord, paralysis of the lower extremi- 
ties results ; if the pressure is produced only in parti- 
cular attitudes, spasmodic contraction of the muscles 
of these extremities supervenes, very commonly in the 
adductors, by which the legs are thrown across each 
other, and remain in this posture until the pressure is 
removed by changing the attitude of the body. 

Sometimes the bodies of the vertcbra3 are attacked 
with caries only at their anterior surfaces, as seen in 
Fig. 46, and in these cases the spinous processes do 
not project ; so that, provided the disorder has not pene- 
trated to a great depth beyond the anterior surface of 
the bone, no external malformation is produced. But 
the effects are very different when absorption begins at 
the superior and inferior surfaces, in which case the 
spinous processes of the diseased bones soon become 



I 





46. — From the Museum of St. George s llotpUai, d 
29. Caries of tlie vertebra;, naturnl size. DencriptioD ] 
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in Catalogue. Three Itiat dorsal and two first lumber vertebrae i 
the anterior part of the last dorsal and first lumbar has been 
destroyed by caries; bony anchylosis has taken place between 
these vertebrte on the right aide, but there ia little defurraity. 

prominent by the changes in the positions of the adja- 
cent vertebrffi, above and below. Dr. Harrison has 
however stated that, when the bodies of the vertebrae 
become absorbed, the spinal column, thongh unsup- 
ported where the vertebrae are wanting, is generally 
preserved nearly erect by the resistance it meets with 
from the contiguous viscera; but this opinion is so 
completely at variance with experience, and also with 
our knowledge of the mechanical functions of the bodies 
of the veitebrte, that it is perfectly unnecessary to offer 
any further remarks on the subject. Another un- 
tenable view taken by Harrison, and also by Ambrose 
Par6, is that, when the spinous processes of one or 
more vertebra; become prominent, the cause of the 
projection is the incomplete luxation of the vertebrBB ; 
and Harrison states, that sub-luxation often produces 
pressure on the spinal cord, or some of the spinal 
nerves at their origin, followed by an endless train of 
complicated nervous symptoms. The explanation 
given of the mode in which the sub-luxation of the 
vertebras is supposed to take place is as follows : — " The 
muscles destined to move the spine are attached to the 
articulating fibrous structure, and not to the vertebne 
which it encloses : this substance is stretched by them, 
aud in weakly habits becomes pi-etcrnaturally clon- 
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gated, partly by the muscular force pidllni; it, and 
partly by the banes being pushed against it in the 
various turns and gesticulations of the body. As these 
parts gradually give way, the joints slowly enlarge and 
admit of greater motion. A slight luxation is first pro- 
duced in one joint, and afterwards iu several." It will 
merely be necessary to refer the reader to Chapter II. for 
sufficient data to refute these opinions respecting the 
derangement of the mechanism of the spine ; and, but 
for the reputation and extensive practice of Dr. Hai 
riaon, and the extraordinary treatment which 
founded on these opinions, they would not have been 
cited in this work. In order, however, to prove 
beyond dispute that the prominence of the spinous pro- 
ceases of the vcrtebrse does not depend on their being 
driven backwards and dislocated, when their bodies are 
absorbed, it is only necessary to observe the real direc- 
tions taken by them, as exhibited in the numerous 
morbid preparations in the museums of the metropo- 
litan hospitals. Thus we observe, in Figs. 47 and 48, 
that the positions of the spinous processes resulting from 
absorption of the bodies of the vertebrje are not rela- 
tively altered, except by the vertebrse being compelled 
to rotate in the mesial plane. The humped back is 
owing to that part of the spine which rests upon the 
diseased portion being thrown forwards, and the 
amomit of the deformity depends upon the number of 
bodies diseased, and the degree and direction of the 
absorption ; and such will be fouud to be the relativa. J 
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positions of the vertebrae in all, or nearly all, the mor- 
bid specimens in London.* When anchylosis b^ns 
to take place between the vertebrse, before any consi- 
derable portion of the bodies is absorbed, the distortion 
will be comparatively trifling, 

Abstract of Case. (Fig 48). — Thomas V , aged 

thirty-nine years; admitted July iOth ; died July 11th, 
1839. 

Autopsy. — The lower extremities were swollen and 
anasarcous ; the lungs adhered to the plenra ; the 
heart was neai'ly double the natural size, owing prin- 
dpally to the dilatation of its cavities, its walls being 
only slightly hypertrophied, and the valves healthy ; the 
peritouEeum was thickened, and contained six quarts of 
opaque serum ; the hver was congested with blood, and 
presented a nutmeg appearance ; the spleen was small ; 
the kidneys were natural ; the stomach was closely 
attached to the liver by peritoneal adhesions; the 
mucous membrane of the large and small iutcstmes 
was vascular, but otherwise healthy ; the bodies of thu 
ninth, tenth, eleventh, and twelfth vertebra were 
destroyed, and anchylosis had taken place. 

Remarks. — Tbis is a case of extreme angular curva- 
' ture, the trunk being bent at an angle greater than 
45°; the patient, nevertheless, hvcd beyond the mean 
term of human life. 

It often happens that, among several diseased bones. 



* This may be familiarly illustrated by bendiug a 
plume of which rcpreacuta llic sjiiuous proceseeB. 
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Fig. 47. 




Fig. 47.— Gi(y'« Hospital Museum, No. 1024=*. Absceas, and 
partial absorption of the bodies of two dorsal vertebrse, producing 
curvature of the vertebral column ; lines y and x as in fig. 47. 



Fig. 48. 




—Guy's Hospital Museuni,'No. 1020=*, Specimen of » 
mesial section of some dorsal and lumbar vertebrae, six of which 
are completely consotidated into one bone, witb extreme angolax 
X are horizoutul and vertical lines. 
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the amount of absorption is variable, those nearest the 
centre of the curve suffering the most,* 

Wben the disease begins in the superior or inferior 
processes of the body, the adjoining interveftebral 
cartilages must necessarily be destroyed ; but, -it 
coinmences on the anterior face of the bone, this floes 
not necessarily take place to the same extent, and the 
effects on the figure are very different, for some of these 
cartilages may be absorbed, without producing any 
sensible distortion of the spine {Fig. 49). It has been 
shewn in Chapter 1 1., that the figure of the spine depends 
on the form of the vertebrje, and that the intervertebral 
cartilages merely endow it with elasticity ; hence, when 
the cartilages between three or four vertebrje are 
destroyed, the figure suffers but very slightly compared 
with what happens when the bodies of the bones are 
destroyed. In some cases, the absence of the cartilage 
is supplied by other matter, which fills up the vacant 
spaces, and the bones become anchylosed. In others, 
the intervertebral cartilages are hypertrophied, and 
force the bodies farther from each other, whereby the 
t person virtually becomes taller, as in Fig. 50. 

Abstract of Case. (Fig. 50.) — Samuel D > aged 

forty-eight years, was admitted under Mr. Key, Oct. 
21st, 1835, and died Jan. 4tb, ]83a. This was a 



* The author takes this opportunity of enpressing his thanks 
fbr the adrantage which ho has derived in bring allowed free ac- 
ceiH to the muHeums of several of the London hospitals, as well 
as for the permiGsion to make drawings of such morbid apecimens 
eootabcd in them, as illustrate his views iu this work. 
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very coinplicated case, including fistulous stricture, 
paraplegia, liypertropbied intervertebral substance, 

Fig. 49. 




Fi(!. 49. — .S/, Georffe's HogpHal Museum, No c. 3, UlceratioaJ 
of intervertebral curtilages withmit deformity. 
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Fig. 50. 




Fig. nQ.~auijs Ilosfi/n! Museum, No. 1 289'°. \\\ pertrnpli y 
_ ftnd partinl ossificfttion of inter vprtebml cartilngeii. 
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diseased hip-joint, exostosis, psoas abscess, dysentery, 
peritonitis, fecal abscess, and hypertrophied kidney, 
attended with delirium, and terminating in death. 

Autopsy. — The chest preseoted nothing remarkable ; 
the spleen was natural, but its capsule was discoloured, 
separated by a fluid, and connected with an abscess ; 
the peritoneum was vascular, with partial adhesions, 
but there was no visible effusion ; the colon was ul- 
cerated, and perforated by many apertures; pus was 
found lodged in folds of the peritoneum, lying in front 
of the left kidney ; the kidneys were of unequal size, 
the lesser containing three or four minute portions, 
which had suppurated ; the prostate gland was small I 
and firm ; the urethra thickened, and contracted near 
the middle of the penis, with a sinus leading to the 
perineum ; there was a psoas abscess on the right side, 
reaching to the origin of the muscle ; the right hip- 
joint was filled with pus ; the head of the femur was 
hypertrophied ; the ligamentum teres gone, and the 
neck of the bone encircled with exostoses ; the vertebrae 
were not ulcerated, but the lumbar region was slightly 
incurvated on the right side ; the intervertebral sub- 
stance was hypertrophied, and partially ossified ; and 
the bodies of the adjacent bones presented irregular 
pntches of exostosis. Between the second and third 
lumbar vertebriB, the osseous matter prejected into 
the vertebral canal, and pressed on the spinal cord : 
the canal was diminished at this part to one-third or 
one-fifth of its natural size. 

Itemarlis. — In consequence of the patient being 
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affected with so great an amount of disease, he was 
sleepless, aod frequently delirious, a condition which 
was doubtless umch aggravated by tlie pressure on the 
spinal cord. He was treated with astringents for the 
diarrhcea, and with opiates to allay the apino-cerebral 
irritation. 

In other cases these cartilages are absorbed, and 
the bones come in contact. This condition may be 
detected by the crepitus emitted on twisting the body 
laterally, also by the pain induced, and by the absence 
of deformity, which symptoms wUt assist us in forming 
a correct diagnosis. Notwithstanding the great extent 
to which the vertebne are often destroyed by caries, 
it has always excited surprise how so much damage 
can occur without producing the most serious effects 
on the structure and functions of the spinal portion of 
the nervous system ; but it must be remembered that 
the structure of the vectebrae is not uniform, that those 
portions which are destined to protect the spinal cord 
end nerves are much denser and harder than the body 
of the bone, and also less vascular, and therefore less 
liable to disease : hence we often find the body in a 
state of active organic disease, without the other por- 
tions of the bone being affected. The notches in the 
bones, through which the nerves pass from the spinal 
cord, are situated in the harder portions of the bone, and 
are thereby protected from injury, even when the body of 
the bone has been destroyed. When the bodies of six or 
seven consecutive vertebrae are destroyed, and the body 
of the patient is bent forwards, as in Fig. 48, we are 
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likewise led to inquire how it is that the spioi 
is not injured. K a mesial section be made t 
the diseased bones, as in Fig. 47, it will be observed 
that not only is the vertebral canal entire, but that, 
in fact, its area is largest at the bend — an arrange- 
ment which tends most effectually to protect the spinal 
cord ; but this end is obtained only by the consolida- 
tion and anchylosis of the several remainmg portions 
of the diseased bones. This is the most natural and 
most desirable termination of caries of the vertebral 
column, and when effected, it leaves the osseous 
system otherwise in a healthy state. The chief evils 
which result are the changes which the figure of the 
person undergoes, and the effects produced i» those 
regions of the body which are connected with the 
several parta so changed. When the disease of the 
vertebrae continues, and no disposition to anchylosis 
can be induced, the malady assumes a more formidable 
character; the bodies waste away, leaving a great 
chasm between the vertebrse in parts (Fig. 5 1), and often 
exposing the sheath of the cord. This sometimes 
happens in scrofulous and syphilitic persons, and a 
trmn of constitutional deraugemeuts ensues, ending only 
with the death of the patient. 

In some of the more severe forms of caries of the 
spine, the disease is not confined entirely to the can- 
cellated portions of the bone, but extends to the harder 
and denser lamellated structure, of which the arches 
and processes are chiefly composed. This occasionally 
happens when the disease attacks the cervical vertebrae. 
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Fig. 51. 



FlG.fll.— Si. George sHo^pitatMnieum, No. c. 12. Cariei of 
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several of the vertebrse, the body of one being entirely de- 
strojed ; anchjIosiB had not taken place, af, a vertical hne, and 
x' the direction which the epine must take when the remaining 
portions of bone lie in contact. 



but 
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vertebral 
In these cases, the patient very rarely sur- 
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column. 

vives the attack. A case of diseased cervical vertebree 
in a boy, twelve years old, is related by Lebert. The 
child used the recumbent position. Evei-y movement 
of the head was accompanied with great pain. The 
spine was bent, and a fistulous opening, opposite the 
fourth vertebra, led to the diseased bone. The patient 
was greatly emaciated, and on one occasion, when 
moving the head, he was seized with convulsions, and 
died. 

Autopsy. — The lungs were found free from tuber- 
culous deposit, and the left ventricle of the heart was 
liypertrophied. The cervical vertebne were diseased 
in their whole extent, the caries being arrested only at 
the condyles of the occipital bone. The bodies of the 
vertebrje were chiefly affected, being in part destroyed, 
blackened, and softened, and presented some detached 
pieces of bone. The diseased portions were surrounded 
with a yellow lardaceous tissue. The brain was of the 
ordinary consistence, with some venous congestion of 
the superior part of the right side, and a milky- 
coloiu-cd serous fluid was found in the arachnoid mem- 
brane. The spinal cord was sound, and the pus in 
the vertebraB, on being inspected under the microscope, 
was found to be free from tuberculous matter. 

Another case, mentioned by the same author, is 
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■worth recording on account of the morbid appearances 
exhibited on a microscopic inspection of the carious 
vertebrae after death. A man, aged forty-eight years, 
of a strumous habit, was affected with lateral curvature 
of the spine at the first lumbar vertebra, and several 
of those adjacent to it were displaced from their normal 
position. There was a psoas abscess in the right groin, 
which was not opened during life. He presented 
occasionally symptoms of partial paraplegia. Towards 
the termination he had cough, with signs of tubercular 
consumption, and died of pleuro-pneumonia. 

Autopsy. — The lumbar vertebrEe were found diseased 
at their anterior part ; the cellular tissue was 
atrophied; the walls of the bodies were infiltrated 
with pus, and had cavities wherein detached pieces of 
bone were found ; the surrounding surfaces of the 
^vertebrae were softened, so that they were easily cut 
'frith a scalpel. In the most diseased parts a fistulous 
channel was found, connected with pouches, pouring 
out on the psoas and iliacus muscles purulent matter 
which gravitated to the groin. A pyogenic membrane, 
two millimetres in thickness, was found in the bone, 
of a pale-red colour in some places, and of a slate 
colour, presenting a velvety appearance, in others. It 
was folded, and could be easily detached from the 
bone. The pus of the abscess was of a pale-yellow 
colour ; the serum had been almost entirely absorbed 
when it was placed under the microscope. There 
were found — first, globides of pus, varying in size 
from O.^^-OOS to O.^^-Oll; secondly, large granular 
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globules, varying from 0.™"'02 to 0."""'2a ; and also 
numerous fafty vesicles. In some parts, the coucrete 
pus was of a consistence that rendered it capable of 
being sliced with a scalpel; it contained fibrinous 
matter, which, according to Lebert, was probably 
derived from the fibrin of the purulent coagulated 
serum. In those portions of the vertebrEe in which 
■ the ulcerative process had not yet taken place, there 
were found softened portions, with great vascularity of 
the parts, and pus in different states. Between the 
vertebrae which were most diseased, there was a red 
liquid, composed of the detritus of the diseased bones, 
calcareous salts, globules of blood and of pus. The 
pyogenic membrane contained numerous vessels, th) 
smallest of which were 0.'""'02b. 

The morbid anatomy of carious diseases of the bodi 
of the vertebrie tends to show that the attack may 
commence either at the surface, or in the internal 
structure of the body, and that its early stages are 
associated with an inflammatory condition of the parts. 
The capillaries being gorged with blood do not yield a 
supply of nutriment, but exude purulent matter, whii 
ends in the production of an abscess. In general, tl 
exudation takes place through a very great number 
capillaries, which are separated from each other 
lamellae and canals of bony structure; the areolae 
the bone become infiltrated with pus, which hardens, 
and is partially absorbed when the inflammatory pro- 
cess is arrested, and it then sometimes assumes 
appearance of a miliary tubercle. This inflammatoi 
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coiiditioi] of the capillaries, exuding pus, aud diminish- 
ing the deposit of nutritive matter, wliilst the process 
of absorption coutiiiues, must cause the wasting of the 
bones. As the deposition of pus continues, the areolae 
are dilated and absorbed, and the matter issues from 
the interior of the bone by fistulous openings. Accord- 
ing to Lebert, the capillaries also exude a liquid, 
which becomes organized into a plastic tissue that 
destroys the osseous areolte. This tunic, being very 
vascular, furnishes a secretion which continually 
moistens the fistulous openings and diseased portions 
of the bone. The origin of these iiiflanmiatory con- 
ditions of the bones, when it is not occasioned by 
violence, Lebert considers due to an altered condition 
of the blood itself, especially to a tuberculous dyscrasy, 
although the bones are very rarely subject to tubercu- 
lization. 

The few distiuguished surgeons who have devoted 
any attention to the pathology of caries seem to have 
entertained very vague notions of the nature of this dis- 
ease. Mr. Pott, for instance, — considered a great autho- 
rity in these matters, — observes, that " the primary and 
sole cause of all the mischief is a distempered state of the 
parts composing, or in immediate connexion with the 
spine, and most frequently ending in caries of one or 
more vertebne : from this proceed all the ills, whether 
general, local, apparent, or concealed. Tliis causes 
the ill health of the patient, and, in time, the corva- 
ture." The view here taken does not advance us a 
UDgle step in the discovery of the cause of caries, and 
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is perfectly useless ; in fact, an explanation in which 
nothing is explained, effects being made to stand in the 
stead of causes. Sir Benjamin Brodie considers that 
the pathological history of caries may be airanged under 
three heads ;* — First, " It has its origin in that pecu- 
liar softened and otherwise altered condition of the 
bodies of the vcrtebrse which seems to be connected 
with what is called a scrofulous state of the constitu- 
tion. In these cases, ulceration may begin on any 
part of the surface, or even in the centre of the bone ; 
but in general the first effects of it are perceptible 
where the intervertebral cartilage is connected with it, 
and in the intervprtebral cartilage itself." Secondly : 
"In other cases, the vertebrje retain their natural 
texture and hardness ; and the first indication of the 
disease is ulceration of one or more of the intervertebral 
cartilages, and of the surfaces of the bone with which 
they are connected." Thurdly: Another order of 
caries, but of more rafe occurrence, "in which the 
bodies of the vertebrae are affected with chronic in- 
flammation, of which ulceration of the intervertebral 
cartilages is the consequence." It will here be observed*, 
that Sir Benjamin Brodie is of opinion that caries 
arises in the body of the vertebrae, and is associated 
with a scrofulous constitution. This opinion furnishes 
views of a far more definite nature than those con- 
tained in the statement of Mr. Pott, but leaves to 
future investigators the complete solution of the pro- 

* Diseases of the JoiaU, p. 243. 
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blera — namely, the determination of the canse of the 
disease. Dupuytren appears to have entered this field 
of inquiry by first asking himself, " What is the origin 
of this singular alteration, and to what class of lesions 
is it to be referred ? 'Why is its progress so slow ? 
Wherefore should it select the vertebral column for its 
attacks ; and why should its existence in this part 
remain hidden, until revealed by the presence of pus 
at a considerable distance from the seat of the disease ?" 
He then states, that the solution of the difficulties which 
surround the subject is to be sought for in the illustra- 
tion afi'orded by cases. He considers that the anato- 
mical changes may be referred to three heads — first, 
internal suppuration, which is the origin of symptomatic 
abscess ; secondly, deep-seated suppuration in contact 
with the bones, involving a separation of the adjacent 
fibrous texture ; thirdly, a change in the bones them- 
selves. In six cases examined by him, the fibrous 
tissues which strengthen the vertebral column were 
dense, and thickened, and presented evidence of chronic 
inflammation ; the periosteum was stripped ofi' to a 
variable extent, and pus was found deposited between 
the denuded bone, and the tissues by which it is 
naturally surrounded. In almost every case there 
existed an extensive but more superficial suppuration 
along the muscles and vessels, the pus being without 
fcctor, and not sanious, as in scrofulous cases, but 
homogeneous and healthy, such as is the result of 
simple inflammation. In a large number of morbid 
cases, examined for Dupuytren by M. Ualmas, the 
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latter remarked tliat there never existed any definite 
relation between the amount of disease affecting the 
bones, and the extent of the external disorder; for, 
in some cases, the bones were diseased only at a single 
point, while the affection of the adjacent textures was 
very considerable ; whereas, in other cases, five or six 
verlebne were deuuded and bathed in pus, while the 
surrounding parts were healthy. Dupuytren further 
remarks, that caries, considered in the abstract, consists 
iu a simple denudation of the bone, aceorapanied with 
an erosion, and, consequently, an irregularity of sur- 
face, the dark colour of which is apparently an adven- 
titious cu-cnmstance, dependent on the admission of 
air and the contact of pus, the bodies of the vertebrse 
and the intci'vcrtebral cartilages being sometimes de- 
stroyed ; a more rare result being a thinning or 
wasting of tlie osseous texture. From this account, 
it is clear that Dupuytren has overlooked all the pre- 
monitory symptoms of the formation of caries, and the 
condition of the patient while the causes of mischief 
are being developed. The origin and progress of 
these affections are known to be insidious ; but there 
ia a chain of symptoms significant of the seat and 
nature of the malady, which might be detected when 
the patient is carefully examined. He has not solved 
his own cjuestions relative to the slow progress of the 
disease, nor why it should more frequently invade the 
vertebral column than other portions of the skeleton.^ 
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CooBideration of the questiotiB of Dupuytren. — CaseB in Ulustra- 
tion, — Cariee of the great toe. — Microscopic appearances of 
the (liaeased parts.— Caae of caries affecting the apinal cord, 
producing paralysis. — Dealh of the patient. — Morbid appear- 
ancea. — Caries.^ — -Angular curvature of tlie spinal column. — 
Effects of transient pressure on the spinal cord. — Views of 
Bonnet ; of Boyer. — Association of eariea with scorbutic, 
syphilitic, scrofulous, and cancerous taints. — Enchondroma, 
description of. — Theory of Muller. — Microscopic eiaminntion 
of its structure. 



1p we revert to two of the questions propovinded by 
Dupuytren, and mentioned in page 173- — -namely, Why 
does caries select the verteliral column for its attacks ? 
and why is its progress so slow? — it is obvious that 
their solution involves an inquiry into the organization 
and functions of the vertebral column. On the first 
of these questions we may remark, that the morbid 
specimens of diseased vertebrae show that the disorder 
generally commences in the areolated portions of their 
body, which, being softer and more vascular than other 
bones, must be more liable to inflammatory action. 
An investigation of the unequal pressure, likewise, and 
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of the shocks and blows which me incidental to the 
position and office of the spine, may lead to the solu- 
tion of the question under consideration in each par- 
ticular case. It is very common for children, especially 
boya, to give and receive blows on the back, which 
pass unnoticed at the time, but which may be quite 
sufficient to set up a morbid action in the bones of 
pereons predisposed to caries. Violent gymnastic 
exercises, such as leaping, throwing the body from 
heights, and many other accidental circumstances, may 
suffice to induce this disease in the spine, especially 
where combined with constitutional predisposition. 
The following is a case illustrative of the preceding 
remark. 

A mail-guard on one of the railways, aged about 
twenty-five years, of a scrofulous habit, consulted the 
author on account of a spinal curvature in the mesial 
plane, produced by a partial absorption of several of 
the bodies of the superior dorsal vertebrae, which 
terminated in anchylosis of the remaining portions of 
the bodies. He stated that he had enjoyed excellent 
health until about the age of puberty, when he re- 
ceived a blow on the back, at the part described. 
The effect of the blow was an inflammatory action in 
the bodies of several vertebree, ending in the deformity 
above mentioned. He himself seemed thoroughly 
convinced that the disease originated in the blow ; 
and since the mischief became apparent immediately 
after it, there is little doubt but that the blow deter- 
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liimed the morbid actiou iu a constitution pi-edisjiosed 
to caries. 

With resi>ect to Dupuytreii's second question, wk 
may observe that the diseases of the bones in general 
are less rapid in their progress than those of the softer 
tissues, as might be expected from the well-known 
^ bIowqcbs of the normal assimilation and absorption of 
■ the earthy constitueuts of bones : we may, indeed, 
'•reasonably infer, that since they are less vascular, and 
contain fewer absorbent vessels than the softer tissues, 
the processes of inflammation, suppuration, and ab- 
sorption, will likewise be proportionably slow. Other 
hones of the skeleton, however, are sometimes affected 
with caries, while the vertebral column is perfectly 
ipound; and in some of these cases there is an oppor- 
^J^nity of observing the mode of action of the disease 
•during life. 

It sometimes happens that the bones of the ex- 
- treniities are affected with caries, and that the cun- 
stitntional symptoms indicate the necessity of removing 
the limb. An inspection of the diseased portions will 
.give information as to the nature of the action going 
_^.en at the time, A case of caries of the great toe, 
uriug in a man fifty years old, is related by 
isbert, in which the soft parts were considerably dis- 
organized, and it became necessary to amputate the 
limb. On inspection, the diseased parts presented the 
L .IbUowing appearances ; — The corpuscles proper to the 
tosseoua tissues had, in a great measure, disappeared, 
^ find those which remamed were much altered in cha- 
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meter; the areolae were thin, softened, and dilated; 
of a grey hue, and filled with " tissus d'exsudalion ;" 
the lamellated structure had nearly disappeared, and | 
the structure of the bone had become so soft as to be , 
readily cut into small thin pieces by the scalpel. | 

The " tissu d'exsudadon," according to Lebcrt, i 
takes its origin in the medullary membrane of the 
areolfe, and is the " thsn muqueux accidentcl" of 
Lisfranc : its appearance is smooth, tolerably vascular, 
and of a reddish-yellow colour. On being examined 
with the microscope, the following stnictm-es were 
found: — First: A substance delicately fibrous, hyaline 
or granulous between the intervals of the fibres. 
Secondly: Numerous small globules, 0,™"'005 in size, 
which appear, at first sight, to be the principal element, 
but on closer examination they are found to be thenucM 
of larger globules, of a magnitude from 0.""0125 ta ' 
0.°"015, having a pale exterior, which is not altered i 
by the action of acetic acid. 

From these and other microscopic examinations, h j 
seems that, during the progress of the disease, there 
ia not only a destructive process of inflammation, 
suppuration, and absorption of the bones going on, 
but also the formation of newly-organiaed secreting j 
tissues, which exercise a destructive infiuence on tho* 
suiTounding parts, and confer on them a malignant 
character. From his own researches, Lebert has 
arrived at the conclusion that there are no tubercles 
found in the diseased bones in any of the stages at 1 
caries, although the lungs may, in the same patient^ i 



CARIES, CANCER, AND ENCHONDROMA OF THE BONES. 17!) 

be tuberculous. The vertebral column, as we liave 
seen in Chap. IX,, is so constituted as to protect the 
spinal cord, even when the bodies of several successive 
vertebi-ac are destroyed. The cord, however, does not 
always escape the injurious effects with which it is 
threatened by the derangement of its osseous covering. 
Sometimes the spinal cord is diseased along with 
the bone ; or it may be pressed upon, in consequence 
of the wasting of the bodies of the vertebi-as; or it 
may be irritated and affected by extraneous injuries, 
such as blows. The following cases will serve to 
illustrate these several conditions. 

CARIES, WITH SUPPDRATION OP THE SPINAL OORD. 

Cabb I. — Amelia H , at the age of ten years, 

began to lose the natural colour of the cheeks; the 
face and throat were swollen towards niglit; com- 
plained of pain in the left side, and could not he down 
during a space of three months; consulted the late 
Mr. Thomas, who stated that the heart and pericardium 
were affected ; afterwards consulted Drs. Latham and 
Harrison, and was advised by the latter to use the 
recumbent position. At twelve years old, symptoms 
of curvature of the spine began to be apparent by the 
falling forwards of the shoulders, and the projection of 
the spinous processes of several of the dorsal vertebrae. 
After remaining in a delicate state two or three years, 
her health improved so very much, that she was en- 
abled to hold a situation at the Pantheon Bazaar 
for several years. After this she relapsed, and was 
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obliged to abandon her employment. She then ex- 
perieDcred a difficulty in swallowing, and gradually lost 
the power of motion in the lower extremities She 
was put under the care of Dr. Venal, and was placed 
on the inclined plane, in the prone position. She wae 
kept on this plane, day and night, during the period 
of a year and ten months, and subsequently for short 
periods during the day, and always at night. Under 
this plan of treatment she gradually got worse, and 
symptoms of pulmonary phthisis presented themselves, 
with cough and muco-purulent expectoration from the 
lungs ; the legs were red, swollen, and oedematous ; 
sensation imperfect, and motion entirely lost. In this 
deplorable condition she was placed under the author's 
care. Finding that the prone position tended to aggra- 
vate the affection of the lower extremities, she was 
removed from it to a triple-inclined plane, and kept 
in a recumbent posture, the trunk being elevated by 
raising the head-piece of the plane to an angle of 45°. 
Appropriate remedies were employed, with the view 
of improving the state of the constitution. In the 
course of a few months, however, the pulmonary com- 
plaint put an end to her sufferings. She died on the 
14th of April, 18 1 5, at the age of twenty-six years. 

Sectio cai/averis. — The spinal canal was laid open 
behind by removing the arches of the lower cervical 
and iipper dorsal vertebrae.* The arches of the fourth 
find fifth dorsal vertebrae were found in a state of 
caries, the bodies being partly absorbed. A quantity 

* The morbid structure of the parts was seat to tlie Huuteriau 
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of pus was thrown out, and pressed on the slieath of 
the cord posteriorly. At those parts which lay in 
juxtaposition with the diseased bodies of the vertebra;, 
anteriorly, the sheath was inflamed and diseased. On 
making a longitudinal incision into the spinal cord, 
opposite the diseased bones, a large quantity of pus 
flowed out from the central portions. The substance 
of the cord was found to 1)6 softened, and of a reddish 
colour, presenting the aspect of the morbid appearance 
termed by French anatomists " raniollissenient rouge," 
This was a case of progressive caries, with disease of 
the cord and sheath, in which there was no dispositiou 
in the vertebi-a^ to anchylose, and which continued 
during a period of sixteen years, producing the effects 
above detailed j but as the patient died from an af- 
fection of the lungs, it is difficult to determine how 
much longer life would have lasted, had the caries been 
the only malady under which she laboured. 

The difficult deglutition, and the paralyzed condition 
of the lower extremities, are some of the most aggra- 
vated effects of this serious form of caries, and they 
may be considered as the symptoms especially due to 
the peculiar morbid state of the spinal cord, while the 
irritable state of the nervous system generally, the loss 
of sleep, night sweats, loss of appetite, and irregularity 
of bowels, are common to other forms of caries, un- 
accompanied with this peculiar condition of the cord. 



CABIES, PHODBCING TRESSURE ON THE SPINAL CORD. 

Case II. — Henry A , aged fourteen years, was 

admitted under tlie author's care, at the Islington 
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Dispensiiry, Oct. 24th, 1842. He stated that he had* 
been suffering from an affection of the spine during 
four years, with scrofulous abscesses on the hips and 
thighs, and had been confined to his bed nearly the 
whole of the time. On examination, it was found that 
the bodies of several of the dorsal vertebrse were dis- 
eased, some of which bad been partially, and others 
entirely absorbed, and the whole dorsal region pre- 
sented a large curve in the mesial plane of the body, 
as seen in Fig. 53. When placed in the vertical 
Fig. 52. 

J? 




Fig. 52. — A case of angular curvature producing prcBSure on 
the ipinal cord. 
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poeition, the legs were spasmodically drawn across 
each other, which prevented his either walking, or 
«ven standing. Large scrofulous ulcers poured out 
pus in large quantities from the neighbourhood of the 
right hip-joint, the joint itself not being implicated in 
the disease. His figure was short, as in rickets ; 
countenance pole and cadaverous, and body thin and 
emaciated ; bis head large ; eyes full, and expressive 
of intelligeuce ; his mind active. Pressure on the 
back over the seat of disease produced no pain. Tiie 
sensibility of the lower extremities was unimpaired; 
his i-est was broken during the night, and he sufi'ered 
from continued nervous excitement. 

He was placed on a triple-inclined plane, the angle 
of each plane being adjusted to suit the nature of the 
case ; the wounds were dressed with the nitric oxide of 
mercury ointment twice a day, and a carrot poultice was 
applied over this di'essing every night, to correct the 
foetor of the pus discharged. A mixture of iodine and 
iron, composed as follows, was given three times a 
day: — Seaquioxide of iron and compound tincture of 
iodine, of each one drachm ; tincture of columba, one 
ounce; cinnamon water, eight ounces. Under this 
treatment, the wounds in a short time assumed a more 
healthy aspect, and in a few months healed j the 
nervous irritability gradually subsided, and the general 
health improved. In this state he was seized with an 
attack of confluent smaU-pox, which left bis face very 
much disfigured. When he had rallied from the 
^ects of this attack, he resumed the mixture, and 
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still remained on the inclined plane. After the lapse 
of eighteen months, the disease of the bodies of the 
vertebrse was arrested, and the general health wil 
restored; but the absorption of bone had left tfai 
anterior colunm of the spinal cord subject to pressure 
in standing, and, consequently, the legs spasmodically 
affected as before. 

Remarks. — During the treatment, the magnitudi 
of the curvature waa measured from time to time, 
which means it was found that the ordinates of th6J 
spinal curve did not increase ; consequently the ab-i 
sorption of the bones must have been arrested sho 
after the commencement of the treatment. In 
patient, the disproportion between the size of the het 
and length of the body (the statm-e being veiy 8 
for his age), the carious state of the veitebrae, and t 
scrofulous abscesses, tended to show the mixed natt 
of the complaint, there being, at the same time, b 
toms of caries, of rickets, and of scrofula. The spi 
modic crossing of the legs proved the existence, in 
this instance, of irritation, resulting most probably 
from slight pressure on the anterior column of the 
spinal cord. It was satisfactory to observe the local 
and general symptoms yielding to the treatment 
adopted, except the spasmodic affection, which showed 
that the diseased vertebrje did not perfectly anchylose.- 



EFFECTS OF A BLOW ON THE BACK. 

Case III. — A boy, aged nine years, was admitte 
nto the Islington Dispensary. He complained r 
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i. 



in the back pHrt of the neck and head; his coun- 
tenance betrayed great anxiety; he was restless, hia 
respiration laborious, and his deglutition performed 
with great difficulty. It was stated that he bad been 
struck by his father, a few days before, with a small 
deal rod about an inch thick, but which did not 
produce any effects sufficient to attract attention until 
two days afterwards, when the symptoms already 
described came on. Leeches were ordered to be 
applied to the back of the neck, cathartic medicines 
to be administered, and rigidly antiphlogistic measures 
to be adopted. But within a few hours he fell into 
a comatose state, and died. 

Auiopsy. — The sheath of the spinal cord having 
been laid open opposite the part where the blow had 
been given, the integimients presented no ti-ace of 
contusion ; the vertebne of the back, in general, were 
somewhat of a soft, spongy texture. On exposing the 
spinal cord, no trace whatever of the effects of the 
blow c«uld be perceived ; but on examining the cer- 
vical region, tlie membranes of the cord presented 
slight traces of inflammation, which increased very 
sensibly as the sheath of the medulla oblongata and 
membrane of the brain were brought into view. Fliud 
was found lying between the medulla and sheath, and 
also in the lateral veutrieles. The dura mater aiul 
pia mater were very vascular, and showed signs of 
acute inflammation. 

.Remarks. — The pressure of the fluid on the medulla 
irfilongatal sufficiently accounts for the disturbance of 
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the functions of respiration and deglutition, and the 
speedy death of the patient. One of the most remark- 
able features in this case is the circumstance of the 
apparent absence of any inflammatory symptoms in 
the cord at that pnrt of the back where the blow was 
said to be stnick, and the transmission of its effects 
to a distance — namely, from the spinal to the cerebral 
system. We know from experience that irritation of 
the peripheral branches of a nerve may be transmitted 
to the centre of the nervous system, and induce a 
morbid change in it, — an effect analogous to that above 
described. 

Portal states that M. Troia, a surgeon of Naples, 
has proved that in cases examined by himself, the 
spinal cord had been primarily diseased, and the bones 
secondarily. The investigations which have been 
made of the morbid specimens of carious bone tend 
to show, that under the same appellations specific and 
distinct actions are included, and different products 
are evolved in different individuals ; some terminating 
in complete destruction and absorption of the parts 
affected, others in partial destruction and anchylosis 
of the remainder ; some, again, attacking the medullary 
portions of the bones, others the superficies, and ending 
in necrosis. Supposing, therefore, the general de- 
rangement of the system to be nearly the same in all 
these different states, there must undoubtedly be some 
specific cause to determine each particular kind, 
Bonnet states that he has made researches into the 
writings of authors of authority on caries, iu order to 



ascertain their views respectiog the difference between 
caries and necrosis, but that he coidd not succeed in 
clearing up this point. Boyer and Sanson, for ex- 
ample, classed caries of the cellular structure of the 
short bones with necrosis of the compact tissue of the 
middle of the long bones. This jiroblem, he contends, 
may be easily resolved by applying the knowledge we 
possess of the elementary lesions of the bones to the 
mode in which these lesions are etfected. His solution 
of this question is, that " caries of the extremities, 
and necrosis of the central parts, ordinarily succeed 
suppuration ; only, in the first case, the suppuration 
is produced in the cellular tissue ; in the second, in 
tlie medullary canal; and whichever of these two 
tissues it may occupy, it involves the deatli of that 
part of the bone in which it exists. Around the 
mortified portions, secretions of organizable matter are 
thrown out, one portion of which is converted into 
hone, and the other remains in a fungoid state, ac- 
companied with secretions of pus ; and ultimately 
ulcerations take place, through which these secretions 
exude. 

But although so close an analogy subsists between 
the consequences which follow suppurations of the 
medullary canal, and those of the cellular tissue, 
it is impossible to mistake the difference between 
them. Thus the mortified parts about the medullary 
canal, in a state of suppuration, are as solid as the 
compact tissue itself; those in the medullary tissue 
are porous, and resemble that tissue. In short, around 
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the mortifications resulting from maladies of the 
diillaiy membrane, the sound periosteum ossifies ; wHl 
in disease of the cellulitr tissue, the periosteum, being 
impaired, becomes ossified ouly at a certain distance 
from the principal lesion. Boyer defines caries to 
n malady of which we cannot give a better idea tl 
by comparing it to bad idcers and an internal 
(t'jcc), attacking the soft parts ; but he admits that 
this comparison, — "laisse encore neamoins beaucoup 
de choses a desher," and, moreover, that the changes 
wliich belong to cai-ies, and are going on in the internal 
organization of the bone, cannot often be discriininat 
by the symptoms exhibited. It may here be inqui 
whether Boyer had ever paid sufficient attention 
the early symptoms of the disease ; for it cannot 
denied that there is in reality a class of sympti 
preceding its actual development, before it is made 
manifest in the wasting of the bonea. Many of these 
symptoms may, undoubtedly, be common to those 
exhibited in other complaints ; but there are others 
which belong specifically to caries. Independently of 
blows, which may produce either caries, exostoses, or 
necroses, Boyer considers scorbutic, scrofulous, syphi- 
htic, and cancerous aff'ections to be predisposing causeH 
of caries. The eifects of these will be best described 
in his own words.* 

* " Lb vice scorbatique, tout en diminuant la force contractile 

(lea organei miiBCulBirea, porte un priiicipe de dissolutioa dans 
HOB solides et dans nos humeura ; la fiuidiie dii saug augment?, 
elle transude fncileincnt it travel's ka raadles relachees du liasu 
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But, if we suppose with Boyer that these several 
affections are followed by the efiFects which he has 
described, they must still themselves he the result of 
Bome prior morbid condition of the system, which 
must be investigated, in order to ascertain the real 
origin of the disease. The physio-pathological causes 
of syphilis, scrofula, cancer, &c., and the modes in 
which they act in producing these diseases, are pro- 
blems hitherto unresolved,— all that is yet known on 
these points being some of the conditions favourable 
for their development. No one has yet attained the 
solution of these questions, or, indeed, discriminated 

de sea petita vaisseaux, dea taches ou ecchymoaes Bcorbutiqaes 
ee macifesteDt, d'abord dans les lieux lea plus ebignes dii centre 
circutatoire comme les jambea et ka pieds ; lua muscles se 
ramollissent et deviennent douloureui ; lea gencivea bc gonfleut 
et ae di-tachent dea borda alveolairea : !e perioate des oa, auquel 
ces membranea doivent 6tre comparces, peut cgalemeiit ie goDfler 
et Be decoller de !eur aurface qui ae carie. II en eat de mSme 
du Tice acrofuleui qui porte sea ravages aur le HjalKme lympha- 
tique, et aur lea partiea apongieuBes dea os : dela naiaaentlea cariea 
acrnpbuleuaea,^ caries qu'un gonfflemcDt lympliatique precede, 
et qui fournisBent un pus noir^tre et aboiidont par lea flatulea 
intariaaablea. 

" Le yirua venerien, quoique donnant lieu le plus commune- 
ment i I'exoatoae et la necroae, produit aussi la carie : c'eat aiiiei 
qae lea oh proprea du nez rouges par elle, s'^ncraBaent, et que 
cette partie eproiive une deformation hideuee. 

"Le vice caucereujt peut-etre cause la carie ; cela arrive quand 
im ulcere de cette nature a son aiege au voiainage d'un os, c'eat 
liuai qu'on voit les cotea et le Bternum ae carier dana les caucers 
olcer^ des mamellea." 
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whether they arc mechanical, chemical, vital, or a 
combination of any or all of them ; which points, how- 
ever, are necessary to be determined before any person 
can be in a condition to form a correct hypothesis 
upon the subject. It is of great importance to search 
out and understand clearly the natm:^ of the problem 
which we have to consider ; for it is the want of atten- 
tioD to this preliminary step in the various questions 
with which the medical profession has to deal, that has 
occasioned such a laxity of reasoning in medical li1 
ture. 

When caries of the bones is a consequence of any 
previous disorganization, — such, for example, as those 
enumerated by Boyer, — the constitntional treatmei 
must necessarily be the same as that of the previoi 
existing disease. When the origin of the disease 
be certainly traced either to a scrofulous, syphilitic, op 
other specific malady, the treatment is clearly indicated. 
In the majority of the cases of caries, there is un- 
questionably a scrofulous taint, which is rendered 
apparent by the existence of scrofulous ulcers and in- 
durated glands. In like manner, there are sufficii 
symptoms of a specific nature to enable us to deten 
whether the case is, or is not, owing to a syphilitic 
taint. The spongy structure of the bones in scrofulous 
patients, wherever it is found, is liable to be afiecti 
with caries, which accordingly attacks the short boi 
such as the tarsus, carpus, the bodies of the 
and the spongy ends of the long bones. In syphi 
the bard laminated portions are more frequently 
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eased, generally the palate and nasal bonee. The views 
of Boyer lead to the conclusion, that caries is only 
an occasional result, arising from one of the several 
diseases enumerated ; for we know that all those dis- 
eases may exist without caries, Troia considers it, 
on the contrary, to be consetjuent on some morbid 
condition of the spinal cord, and does not, like Boyer, 
attribute it either to scorbutic, syphiloid, scrofulous, 
or cancerous taints. There are, undoubtedly, many 
independent and distinct causes producing this disease ; 
for we find, in treatises of pathology and morbid 
anatomy, under the term caries, cases presenting a 
variety of independent external phenomena, and dif- 
ferent internal derangements of the system; likewise, 
reports of morbid states of bones, exhibiting, under 
the microscope, a variety of different products. The 
symptoms in syphiUs, cancer, and scrofula, are, indeed, 
sufficiently distinct in their external form to enable 
the siu-geon to distinguish to which of the maladies 
the caries should be attributed. It has been seen that 
in none of the morbid specimens examined by Lebert 
was any tubercular deposit detected in the diseased 
bones, although it is well known that caries frequently 
exists contemporaneously with tubercles developed in 
the lungs and other parts of the system. These 
tubercles may likewise exist at the same time with 
fungoid tumours, a fact which has been verified by 
the aid of the microscope, the coi-puscles of scirrhua 
and encephaloid tumom-s being sufficiently distinct 
from those of tubercle to be easily discriminated by 
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mcaus of that instrument. In an infant four years 
old, Lcbcrt found tubercular deposits in the brain and 
lungs co-existing with encephaloid tumours in the 
right kiduey ; and in a woman, aged sixty, he found 
scirrhous breasts co-existing with tubercles of the 
lungs, proving the incorrectness of the hypothesis, that 
tubercle and scirrhus mutually prevent the formation 
of each other in the system. From what has been 
stated, we arrive at the conclusion, that caries, in its 
simplest form, arises from inflammation and ulceration 
of the bone, produced by extraneous force, and that 
it may be the consequence of other diseases, some of 
which admit of a remedy, and others, in the present 
state of our medical science, are incurable. 

Besides caries, necrosis, rickets, and moUities ossium, 
inflammatory and other states of the bones sometimes 
occiu", terminating in hypertrophy, or m the formation 
of erectile, cai-tilaginous, and sarcomatous tumours. 
The latter of these may have their seat either at the 
superficies or in the interior of the bone. When they 
occur on the sui-face of the tubular, or flat bones, they 
receive a slight support from a peculiar skeleton, 
formed of veiy deUcate spiculae or lamiuEe of bone, 
which, proceeduig in a radiated manner from the sur- 
face of the bone, penetrate into the interior of the soft 
tumour.* But Muller states that these spiculse arc 
not infallible proofs of the cancerous natm-e of fungoid 
exostosis, and he says that medullary fungus not only 
tills up the cavity of the boue, but induces a state of 
• Seu Corswulle Pathological Anatomy. 
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atrophy of the osseous tissue, and reduces the substance 
of the bone to a mere shell, so that the slightest cause 
is sufficient to produce fracture. According to Lebert, 
meduiiaiy sarcoma, or the encephaloid forms of cancer, 
are those which most frequently attack the osseous tex- 
tures, and they occur in one of two states — namely, that 
of cancerous tumour, and that of infiltration, both of 
which may take their origin either in the medullary or 
in the cancellated structure.* This form of disease 
sometimes begms deep in the bodies of the vertebrae, 
as in fig. 53. It has also been figured and described 
byCaraweU,+ Ebermaier,} Cruveilhier,^ Gluge,|| and 
others. The formative globules of this variety of 
"morbid product ai'e regarded by Gluge as very similar 
to those of common cancer, aud to those which form 
the grey mass of carcinoma reticulare ; and thus the 
cases of common caries may be distinguished from 
cancer, by the absence of the cells peculiar to the 
latter. It is not usual for pathologists, with the ex- 
ception of Boyer, to class cancerous affections of the 
bones along with caries, such as we find it in scrofulous 

* Dr. Walahe remarlcB, that *' posterior prominence of the 
spinona processee of the vertebree, which has uodergonc cancerous 
dfstractioi], has been observed, and is explicable in the Bamc 
manneT hb the like phenomena in caries." — TAe Nature and 
Treatment of Cancer, p. 528. 

t Pathological Anatomy, faac. iii. plate 4, figa. 1 and 2. 

t Ueber den Schwamm der Schadelknocken und Diiwseldorfl 
1829.Taf.vii.viii. 

^ Anat. Pathol., livr. sxiii. plates 5 and 6. 

II L'Institut, No. 191, 1837. 
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Fig. 53. 

constitutions, inasmuch 
as the former is a ma- 
lignant disease occui> 
ring in a constitution 
affected with an incur- 
able malady ; whereas 
the latter often lasts in 
the system during a 
stated period only. Cru- 
veilhier has remarked, 
and the observation is 
confirmed by Mr. Hil- 
ton, that when encepha- 
loid tumours of the 
bones have been disco- 
vered in one part of the 
skeleton, theyhaveoften 
also been found in other 
bones in the same per- 
son. These malignant 
diseases, however, not 
only cause the destruc- 
tion of the bone, but 
involve the soft sur- 
rounding tissues either 
primarily or secondarily, 
and ultimately destroy 
Ufe. It is, therefore. 

Fig. bZ.—Gti.y'i Hospital Museum, 1028'". Encephaloid tu- 
moura encavattng the bodies of the dorsal vertebree ; a', the 
cavity of a tumour i a, cavity in which a tumour is aecn. 
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manifestly a much more dangerous form of disease 
than those states of wasting of the bones which take 
place in scrofulous ulcerations of their texture, such as 
are presented in the common forms of caries. It 
would be foreign to the object of the author of these 
pages to enter upon the investigation of the pathology 
of cancerous diseases of the body, and the attention 
of the reader will therefore be now directed to another 
form of disease affecting the bones and soft parts, and 
distorting the body, — namely, that which by Miiller 
is termed enchondroma. The structure of enchondro- 
matous, or cartilaginous enlargement and tumours of 
the bones, was very imperfectly understood by sur- 
geons prior to the investigations of Miiller. He 
remarks that a great variety of pathological structures, 
such as tubercle and fibro-teudinous enlargements, 
have been included under the term ckondroitles, but 
that sarcoma choudi-oides ought to be restricted to 
tumours identical in structure and chemical properties 
with cartilage. He apphes the names enchondroma 
or cftondroma to that true chondroid growth, of which 
the following is a general description : — "Enchon- 
droma is a fungoid growth, proceeding from bones or 
soft parts ; as, for instance, from the glands, and is 
curable by amputation. It forms a spheroidal, not a 
lobulated tumour. When it appears in the soft parts, 
it is furnished with a thin covering, resembling cellular 
tissue ; in the bones, where its occurrence is more 
frequent, it retains the periosteum as its investing 
aembrane. This disease presents itself as a soft ex- 
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pansioii of bone, developed either within its interior, 
or more rarely from its periphery. In the former case, 
it is not only covered by the periosteum, hut also by 
the bone itself, which is soiuetiraes expanded to an 
extreme thinness. In some cases, the bony shell is 
not entire, and there remain only a few thin isolated 
bony lamina; on the surface of the tumour ; the 
articular surfaces of the bones are either little altered, 
or not at all affected ; anchylosis rarely takes place. 
The parenchyma of the mass, when divided, presents 
two constituents, which may be distinguished from 
each other by the naked eye, the one being of a fibro- 
membraneons substance ; the other, a grey, pellucid 
structure, resembling cartilage, or very firm jelly. 
The fibro-merabraneous part forms cells equal to or 
exceeding the size of a pea ; and the larger cells con- 
tain smaller ones, in which the grey substance is 
enclosed ; which differs from cartilage in being softer, 
and more nearly resembling the soft hyaloid cartilage 
of cartilaginous fishes, in some instances not being 
firmer than very firm jelly." — Notwithstanding the 
similarity of this hyaloid mass, when seen by the 
naked eye, and under the microscope, to cartilage, the 
fibro-membrancous capsules or cells which usually in- 
tersect the whole of the tumour are sufficient, according 
to MiJller, to distinguish its texture from true car- 
tilage. The development of these growths appears to 
take place veiy slowly, and without producing any 
pain ; and, after progressing during a number of years, 
they become an open sore. — "Although enchondroma, 
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if left to itself, wilt burst in the course of years, and 
may then occasion death, by the local disorganization 
and loss of fluids to which it gives rise, yet the disease 
is curable by amputation." It appears that very in- 
sufficient attention has been paid to the constitutional 
derangements coincident with these morbid products. 
Many of these cases seem to have arisen immediately 
from blows ; but it is very manifest that something else, 
that is, some specific state of the system, is necessary 
to bring about the pecuUar formations under con- 
sideration, inasmuch as we know that in one person 
& blow will give rise to mere inflammation of the 
hones ; in a second, to caries, &c. ; so that the effects 
of the same kind of extraneous violence are variable, 
and dependent on the peculiar state of the person thus 
injured. It appears that the bones of the hand and 
wrist are most liable to this species of deformity. 
Miiller states that five-sixths of the cases of enchon- 
droma have occurred in the metacarpal bones and in 
the fingers, as may be seen in figs. 54 and 55. The 
different forms wliich enchondromatous tumours pre- 
sent vary according to the structure in which the 
disease is seated. The dift'ercnces which these present 
have already been detailed by Miiller, to whose labours 
we are indebted for the greater part of the knowledge 
we possess on this subject. He considers that the 
structure of enchondroma resembles more nearly the 
state of cartilage in the embryo, than in the adult ; 
and that in most cases, the cells with nuclei only 
are seen, secondary cells being more rarely observed. 
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In a few cases, a clear substance may be distinguished 




Fig. .'>4. — Hunlerian Museum, No. 775. DcBcription inCrti-'' 
logue : " Fingers, with the heads of the metftcaqial bones. They 
are the aeata of several cartilagioous tumours. Two or three of 
such tumours are connected with the cncls of the metacarpal 
bones ; but there are two on the phalanges of the fore-finger, 
three or four on the third, and one is contained within the first 
phalanx of the little finger. All the tumours are giobalar, or 
approach that form ; they arc from one half of an inch to an inch 
and a half in diameter, nenrlysmooth on their surfaces, and covered 
each by a thin layer of eeUuiar tissue. A section of one on the 
fore-finger shows that it is composed of true cartihige, like that of 
the fcetal skeleton, but not so uniform in texture. The section of 



SfToFraE BONES. 199 



the little finger shows a eimilar tumour in the medullary tissue of 
the firet phalaux, aod the commenced expansion of the surround- 
ing wall, and it is most probable that some of those tumours 
which preeetit a more distinct swelling than this does, have like- 
wise originated within the phalanges, and in their growth have 
either expanded or hurst through their walls." This tumour had 
been growing eleven years. The patient was a girl, sixteen years 
and B half old, who died of consumption. — See " DeacripEion of 
Microscopic Eiiamination, Pig. 57." 




Fig. 55. — Huttterian JUiweHm, No. 772. Description in Cata- 
logue : " A Rnger, with a tumour growing from the palmar sur- 
face of ita first phalans. The tumour is nearly globular, about an 
inch and a half in diameter, and composed of a pale, firm, semi- 
transparent, and shghtly vascular cartilage. It appears to be con- 
nected only with the periosteum of the phalanx. In its growth 
it has pushed aside the flexor tendons and their sheath.'' — From 
Mr. LUton'a Collection. 

between the cells, and occasionally, bundles of 
fibres. The size of tie cells exceeds several times 
that of the red particles of the human blood, the 
nuclei of which have a diameter of from 0."'-00032 to 
0."-00042, are sometimes roundish, at others, irregii- 
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Fig. 5^. 



•%' 






larly ovate, as in Figs. 56 and 57 ; corpuscles are here 
and there seen radiating from a common centre, with 
spicnlated appendages, which are often of considerable 
length, as in Fig. 58. When a portion of the structure 
of enchondroma of the bones was boded for ten or 
eighteen hours, Miiller found 
it yielded, on cooling, a pecu- 
liar form of jelly, to which he 
has given the name of chon- 
drine, dilfering from ordinary 
jelly or colla, but identical 
with that found in most of 
the permanent cartilages. 
This substance possesses 
properties chemically differ- 
ent from that of ordinary 
gelatine ; but for the ana- 
lysis of this product, the 
reader is referred to Miiller's 
own work. He considers 
the development of enchon- 
droma to be precisely similar 

fto that of cartilage, the chief 
difference between the na- 
tural and morbid products 
consisting in the persistence, 
in the latter, of that cellular 
structxu"e which cartilage pre- 
sents in the embryo. He 
farther remarks, that — " in 



Separate celU, vith ger- 
minal cells; nuclei magnified 
■150 diameters, from an en- 
chondroma of the parotid 
glands. — From Mulhr't 
Work on Canrer, by Charles 
West, M.D. 

Fig. 57. 



Nucleated cella from e 
chondroma of the hand.- 
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the healthy primitive forma- 
tion of cartilage, the vital 
principle controls the monad 
existence of the cella, and 
sets to it bounds which it 
cannot pass." — Iii process of 
time, the walls of the cells 
thicken, and an interstitial 
indistinctly fibrous mass is 
fonned of cartilage, hetwixt 
the cavities of the germinal 
■cells. In enchondroma, on 
ihe contrary, the sunken 
vitality of the part in which 
the diseased growth is deve- 
loped, seems to set no such 
limits ; but the growth proceeds, slowly increasing to 
a larger and larger size. Usually, the walls of the cells 
do not thicken ; the formative process cannot raise 
itself above that form of cartilage which first exists in 
the embryo, but continues, without ceasing, to repro- 
duce this embryonic structure." Such are the views 
of one of the most justly celebrated physiologists now 
living; but like nearly all, if not all, pathologists, he 
limits his inquiries to certain points only in the investi- 
gation, and docs not embrace the question of the whole 
of the perturbations in the system by which the 
morbid state is produced, and by which means only the 
problem in question can be satisfactorily solved. But 
the difficulties that stand in the way of this solution 



Radiated corpuBcIea mag- 
aified 225 diameters, drawn 
from II section of the tumouT 
in Fig. 54. Hie author is 
informed by Mr. Quekett, 
that none of tlie ceUa, such 
a those in Figa. 56 and 5/', 
could be observed in this 
section of the tumour. 




have already been meutioned in Chap. IX., every step 
made in the knowledge of the chemistry and dyna- 
mics of the system, tending to furnish additional data, 
which are necessary to solve the more general ques- 
tions presented to us in physiological pathology. What 
is wanting in the works on morbid anatomy, is a more 
accurate description of all the phenomena which the 
system presents during the progress of the disease, and 
it will always be an unfruitful task merely to delineate 
the miimte structures of morbid products, 'without a 
correct knowledge of those peculiar conditions of the 
system under which they were produced. Miiller 
ascribes the formation of enchondroma to the depressed 
vitality of the part, but he does not say to what cause 
we are to ascribe this state, or why this state should 
affect the osseous system with enchondroma in one 
individual, and the soft parts in another. But these 
changes surely cannot go on in one pai't of the system 
without some corresponding changes, either concealed or 
apparent, in other parts of the system — at least, to sup- 
pose otherwise would be contrary to experience. The 
whole of the conditions must be taken into account, in 
order to bring to a satisfactory restdt the resolution of 
each problem ; and this principle, although lamentably 
neglected by pathologists, appHes to physiology and 
pathology, as well as to every other branch of science. 
As enchondromatous tumours do not, hke carcinoma,, 
reappear after their extirpation, their surgical treatment 
is much more satisfactory. This disease often produces 
considerable deformity of the part in which it is seated. 
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There are morUd preparations of these tumours in the 
Hunterian, St. Bartholomew's, and Guy's Hospital 
museums, the study of which will prevent the 
surgeon's mistaking them for those malignant tumours 
which, after extirpation, reappear either in the same or 
some other portions of the body. 



CHAPTER XI. 

Rickets: Inqniry into its cMUses.— Schelling's definitioa of 
organisation. — Guerin'a division of the different stages of 
rickets ; ages at which the disease invades the system ; propor- 
tion of males to females numerically considered ; length of the 
period of incubation; symptoms of incubation. — Effects of 
rickelB on the structure of the bones. — Second stage of the 
disease ; its effects ; the whole skeleton liable to be affected ; 
swelling of the articulations ; loss of length of bones ; theories 
of Gueiin and of Mr. A. Shaw. — Third stage : Views of Wilson 
and Stanley ; effects on the skull. — Topographical remarks ; 
effects of deficient supply of physical agents. — MoUities oesium 
a distinct disease. — Sketch of the constitutional treatment of 
rickets. 



When we inquire into the causes which produce the 
disproportionate growth of the bones, which is one of 
the characteristics of rickets, we are led to the consi- 
deration of the laws of that force by wliich all the vital 
functions are governed, and the form of organized 
tissues is determined. The peculiar and essential 
nature of the vital forces of animals is veiled from our 
view, as well as that of the forces concerned in the 
great natural phenomena of light, heat, electricity, and 
gravitation, to which the vital force seems to stand in 
correlation. But, altliough we do not, and most pro- 
bably never shall know what the essential nature of 
any of the forces above mentioned really is, we are at 




205 



least enabled to observe the phenomena to which they 
give rise, and to ascertain the laws of their action, when 
the phenomena themselves are sufficiently numerous 
to apply to them the process of inductive reasoning. 
In tracing the cause of rickets, the first step will be a 
physico-pathological inquiry into the development of 
animal organs. According to Schelling, " The pecu- 
liar character of organization is, that the matter is only 
an accident of the thing itself, and that the organiza- 
tion consists of form alone. But this form, by its very 
opposition to matter, ceases to be independent of it, 
and is only in idea separable. In organization, there- 
fore, substance and accident, matter and form, are 
completely identical." Dr. Whewell has defined 
organic life to be "a constant form of circulating 
matter, in which the matter and the form determine 
each other by peculiar laws, that is, by vital forces." 
It is further supposed by him, that the vitfll forces by 
which these changes are effected may be distinguished 
from chemical and mechanical forces, inasmuch as the 
latter tend continually to produce a final condition, 
after which there is no further cause for change. 
Mechanical forces tend to produce equilibrium ; chemi- 
cal forces tend to produce composition, or decomposi- 
tion ; and this point once reached, the matter in which 
these forces reside is altogether quiescent. But an 
organic body tends to constant motion, and the highest 
activity of organic forces shows itself in continuous 
change. Again, in mechanical and chemical forces, the 
force of any aggregate is the sura of the forces of all the 



parts : the sum of the forces corrcsj: 
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the matter. But in organic bodies the amount of 

effect does not depend on the matter, but on the form : 
the particles lose their separate energy, in order to 
share in that of the system ; they are not added, they 
are assimilated. These views, if admitted to be 
correct, will form a basis upon which to found ao 
examination of the origin of the disproportionate growth 
in rickets, and may at some future period lead to the 
solution of the question, whether the vital forces them- 
selves, or the materials on which they act, are in 
fault. 

M. Guerin has divided the whole term of rickets 
into three periods : the first is the stage of incubation ; 
the second the stage of deformation ; and the third the 
stage of trausition of the organs and functions to a 
healthy condition. This order will be observed in the 
following remarks. It must be borne in mind that this 
complaint is one peculiar to infancy, and therefore 
affecting the development of the system. Some few 
cases occur of persons born with disproportionate 
development of the bones ; but the cases in which the 
disease has commenced after puberty are very rare. 
Out of 346 cases observed I 
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Of these, 148 were males, and 19S females. From 
these statistical reports, we see that the number of 
cases happening in the first and second years very 
greatly exceeds that of other periods of Hfe, and that in 
the subsequent years the numbers diminish very 
rapidly. The predominance of female cases over those 
of males may be owing to the greater delicacy of female 
constitution . 

According to M. Gueriu, the time occupied in the 
incubation of rickets is about six months, during which 
a marked train of deranged actions manifests itself. 
Many of these actions are common to other diseases ; 
but some are peculiar, and determine the specific 
characters of the complaint. The attendance of a 
medical practitioner is often dispensed with by parents 
in the earliest stage of the disorder ; and it is therefore 
often difficult to give specific details of the state of the 
system at the commencement of the malady. 

When the general health begins to exhibit an 
appearance plainly indicating that some morbid 
changes of the system are taking place, the most 
ordinary symptoms are, gastro-intestinal irritation, 
accompanied with diarrbcca, enlarged abdomen, noc- 
turnal sweats, mental depression, irritabihty of temper, 
weakness and emaciation of the muscular system, low 
febrile irritation, swellings of the joints of the carpus 
and extremities generally ; the urine is loaded with 
earthy phosphates ; the bones, soft, pliable, and retarded 
in their growth, are swollen, and liable to curvature 
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under the weight of the body, or even under the 
natural action of the muscles; the countenance is pale, 
the face attenuated, giving the appearance of increased 
age ; the eyelids are unusually wide open ; the eyes bril- 
liant, and with a lively expression ; the nostrils dilated, 
and the hps kept apart ; the akin is generally pale, and 
in some parts of a violet hue ; the respiratory and 
circulating movements are accelerated ; the appetite is 
feeble, and the digestion difficult. 

During the period of the incubation of this disease 
all the bones of the skeleton are more or less affected';' 
they not only become soft and pliable, but their 
chemical and mechanical atnicture also undergoes a 
change. The chemical change has been mentioned in 
Chap. I. The several effects of this alteration in the 
structure of the bones have thus been described by 
Boyer : — 

" They are Hghter than natural, and of a red-brown 
colour; they are penetrated by many enlarged blood- 
vessels, being porous, soft, spongy, and compressible j 
they are moistened by a kind of sanies, which may be 
pressed out of their texture as out of a sponge or 
tanned leather ; the walls of the medullary cylinder of 
the large bones of the extremities are thin, while the 
bones of the skull are considerably increased in thick- 
ness, and become spongy and reticular. All the 
affected bones, especially the long ones, acquire a 
remarkable suppleness ; but if they are bent beyond a 
certmn point, they break, &c. Instead of being filled 
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with medulla, the niecIuUarj cavity of the long bones 
contains only a reddish serum, totally devoid of the fat, 
oily nature of the natural secretion."* 

On comparing, under the microscope, the normal 
with the morbid state of the bones, in rickets, the 
Haversian canals are found in the latter much enlarged, 
owing to the absorption of the lamellated stmcture 
forming their walls. There is also a deposition of fatty 
matter. 

Under the influence of these morbid actions, after 
the lapse of some months, the second stage, or that of 
deformation, commences. In this second stage, the 
effects of the ravages of the disorder become apparent 
in the curvature and retarded growth of the bones. 
The bones exhibit evidences of distortion, first iu the 
tibia and fibula, then in the femur ; and the deformity, 
proceeding from below upwards, invades in succession 
other portions of the skeleton, until the whcle is 
involved in the complaint. According to M. Guerin, a 
considerable period (from one to three years) elapses 
between the curving of the lower extremities and that 
of the spine ; and he likewise states, that the amount of 
curvature is connected with the order in which it is 
developed, diminishing in degree from below upwards. 
In 496 cases recorded by M. Guerin, there were only 
eleven in which curvature of the bones did not take 
place, although the general symptoms, with swelling 
of the articulations, were present ; in all the rest there 

* Traitii dea Maladies Chir., tome iii. p. 619. 
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was deformity of the inferior extremities, with more or 
less swelling of the wrist. Amongst these 485 cases, 
there were deformed, — 

In the Buperior extremity 

„ Tertebral column 

„ thorax 

"From this Tabic it appears, that curvature of the 
spine happens in one case out of ten ; that the propor- 
tion of cases in which the thorax is affected is larger, 
whUe the deformity of the head and superior extremi- 
ties is much less frequent. Swelling of the articulations 
is one of the most constant symptoms observed in this 
terrible malady. Of forty-two well-marked cases, 
Guerin found swelling in the articulations in forty-one. 
The retarded development of the bones takes place in 
tlieir lengths. Their actual dimensions have been 
measured by Guerin and by Mr. Alexander Shaw : the' 
former compared the lengths of the bones of twelve 
persons in health with those of twelve cases of diseased 
subjects, and the mean results are stated in the follow- 
ing table : — 

Hones. Biclcetfl. Normal. DiSerenMe 

. 91. 



* 



Fibula . . . 


9m 


81. 


13(n 


5;. . 


Tibia . . . 


10 


1 


13 


6 


Femur . . . 


10 


11 


14 





Radius . . . 


G 


8 


8 


4 


Ulna . . . 


; 


G 


9 


3 


IIumeruB . . 


s 


11 


10 


6 


Clayides . . 


5 


2 


.') 


3 


Sternum . . 


5 





5 


5 


Vertebral colum 


20 


11 


22 





Three diameters 


H 


U 


13 


ti 
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These bones, taken in the order of the table, decrease 
ill the proportion of 28, 25, 23, 20, 19, 15, 9, 8, 5, 
per cent., and the three diameters of the pelvis 17 per 
cent. Such is the relation of the reduction of the 
bones, taken from below upwards. Mr. Shaw com- 
putes the amount of retardation in the growth of the 
upper, compared with that of the lower extremities, as 
3 to 13. Hence there is a very great difference 
between the results of the measurements of Messrs. 
Guerin and Shaw ; but, at all events, they both tend to 
show the greater effect of the disease in retarding the 
growth of the lower extremities. 

In the last stage of the disorder, the functions of the 
body are slowly restored to a normal state of action. 
The firat steps towards improvement are observed in a 
Blight remission of some of the symptoms that had con- 
tinued during the primary and secondary stages of the 
disorder. During this progress towards a more healthy 
condition of the system, the diseased formation of the 
bones is not only arrested, but a deposition of healthy 
osseous materials also takes place. "Wilson observed 
that, when the bones begin to recover from the disease, 
the deposition of osseous matter is most actively carried 
on in those portions of bone where it is most wanted, 
— that is, " on the inner or concave surface of the 
curve;" and Ml'. Stanley not only confirms Wilson's 
remarks, but further states that the thickness of the 
hone at the part most curved bears an exact ratio to 
the degree of curvature that the bone has undergone. 
The deposition of ossific matter is not always, however, 
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adjusted lo the mechanical conditions of the parts of 
the body as means to ends ; on the contrary, the bones 
of the skull arc often thickened far beyond their normal 
state, and beyond what is necessary for the protection 
and support of the brain under ordinary circumstances. 
It is stated that Sir Charles Bell had in his muaeum 
rickety subjects, in which the parietal bones were 
seven-eighths of an inch thick at their central parts. 
When the patient has recovered a healthy tone of the 
system, and the bones have resumed their natural 
standard of hardness, density, and elasticity, and their 
other physical conditions, except those of position and 
of form, the alteration of these latter produces a dis- 
tortion, which usually continues during the remainder 
of the life of the individual. 

It has been imagined that rickets is a disease peculiar 
to England ; but the statistics of French writers, and 
the number of squalid, rickety forms seen running about 
in the streets of Amsterdam, show that the populations 
of other countries do not entirely escape this fearful 
malady. If we search for the causes by which the 
disease is generated, we find that it most frequently 
occurs among persons living in low, dark, damp, filthy 
cellars, and ill-ventilated and over-crowded dwellings, 
such as may be found in many parts of this metropolis, 
where they are not only ill-fed and ill-clothed, but are 
also denied the enjoyment of a due supply of the great 
physical agents of life, — namely, light, heat, pure air, 
and water. When a great number of persons live in 
the circumstances just mentioned, it cannot excite 



surprise that their constitutions should be subject to 
various derangements, and amongst these to that of 
rickets. Cases of this kind, however, do occur in the 
famihes of the opulent, who are exempt from the 
ordinary disadvantages just described ; and hence, a 
large field of inquiry is laid open. What are the 
exact external conditions, and internal predispositions, 
which are necessary to engender this specific form of 
disease, is a problem yet to be solved, in order to do 
which effectually we must acquire more knowledge 
than has hitherto been obtained. 

Several authors have classed mollities ossium with 
rickets ; but there are many phenomena peculiar to the 
former ; such as the later period nf life at which the 
attack comniences, the urgency of the symptoms, and 
the pathological and physical conditions of the bones, 
which do not become pliable and bend, as in rickets, 
hut break under a slight force. Moreover, in mollities 
ossium, the microscope shows that the Haversian canals 
are ranch more enlarged than they are observed to be 
in rickety subjects. The morbid conditions of the 
bones in mollities have been minutely examined by 
Messrs. Dalrymple, S. Solly, Paget, and others, to 
whose excellent observations the reader is referred, this 
subject being introduced here merely to give the author 
an opportunity of expressing his dissent from the 
opinion that the pathological conditions of the system 
in rickets and in mollities ossium are identical. For- 
tunately, the latter is a disease of comparatively rare 
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occurrence, and therefore of less interest, at least iiM 
genera! point of view. 

In the treatment of rickets, a course of constitutional, 
as well as of mechanical remedies is reqaired. With 
respect to the former, although it may be impossible 
to trace the disease to its source, and to pronounce 
whether it originated in a defective action of the vital 
forces, or in the defective quality or quantity of the 
materials acted upon by these forces ; yet the symp- 
toms themselves being well defined, there is no reason 
why the practitioner should not do much to alleviate, 
where he cannot entirely remove them. In this, as in 
most other diseases, it is of great importance to jjlace 
the patient under the most favourable circumstances 
with respect to external influences ; tliat la, if possible, 
to give him the full benefit of living in a healthy situa- 
tion, with a free circulation of air. The diet must also 
be generous, and adapted to the digestive power of the 
patients, and their peculiar idiosyncrasies. Many have 
at times a loathing of solid animal food, and will par- 
take only of milk and farinaceous substances. When 
the mesenteric glands are enlarged, the administration 
of mercury and chalk, with rhubarb, in small doses, is 
found useful. In order to restore the power of the 
assimilating and absorbing system, the author has 
iound the preparations of iron combined with iodine 
very beneficial. When diarrhcea is frequent, it should 
be arrested in the early stage by mild astringents ; and, 
when nervous irritation and want of sleep are urgent, 
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sedatives judiciously administered will be desirable. As 
it would, however, be impossible to propose any treat- 
ment, except in outline, that might be found generally 
applicable, it is useless to dwell on the eflfects of 
particular remedies in these affections ; they must be 
selected in each case according to the pathological 
condition of the patient. 



CHAPTER XII. 



The human frame, considered aa a complex machine, necesBary t 
be studied in the treatment of Deformities ; the influence of 
the mnscular 8yat«m much neglected in the treatment of 
Beformities. — The theory of normal and abnormal movements 
of the body has not kept pace with that of Statics and 
Dynamics. — Empiricism ; the result.— Stretching system in 
the horizontid position examined. — Ambrose Fare's method of 
treating Spinal Deformities ; Apparatus employed in the con- 
vent of Sacre Cceur ; Apparatus used by Maisonabe. — Stretch- 
ing the body vertically ; plan of Mr. Coles ; effects of stretching 
examined. — Failure of an enormous force used to tear the 
limbs asunder. — Opinion of Sir B. Brodie on the stretching 
system. — Propping use of Corsets or Stays ; effects of Stays • 
examined ; their debilitating cEfecIs on the muscular systei: 
their effects on respiration, circulation, and digestion ; their ^ 
effects on the human figure ; their use dependent on ignorance 
and vanity. — Neglect of family medical attendants with regard to 
the physical education of children.- — Stays both distort and _ 
correct distortions ; this apparent paradox examined.— 
distortions of the spine arise from its being overloaded ? — This ^ 
question answered.— Cases in which a recumbent positior 
the body is requisite. — Mechanism adapted to meet these cases 
very briefly examined.— Triple inclined jilanes; prone planes; 
Dr. Amott's hydrostatic bed ; spring bed, &c. 



In some of the preceding pages an outline of the J 
mechanical causes of distortion has been given, from 
which it ia obvious that the treatment of such cases ■ 
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should be founded on mechanical principles, the appli- 
cation of which now remains to lie explained. Who- 
ever undertakes to cure distortions should be perfectly 
conversant, not only with the structure of the human 
frame, but also with the beai'ing of each part of it on 
every other ; for it is not enough to bring in aid the 
extraneous force of an instrument to remedy a distor- 
tion, however vrell qualified it may be to correct the 
particular evil, without having the certainty that its 
use will give rise to no other derangement of the system, 
and this can only be known from a careful investiga- 
tion into its relative effects on the several parts of the 
body considered as a complicated machine — a problem 
which generally does not admit of an easy solution. 

It is remarkable, considering the attention that has 
been paid to the muscular powers which nature has 
bestowed on the human body, how little these powers 
have been employed in attempts to correct distortions. 
Hence we have a multitude of machines invented for 
the purpose of doing what they have never accom- 
pUshed, in cases in which the only mechanism needed 
might have been found in the body itself ; while in 
others, in which extraneous aid was required, that 
which was employed has often been at variance with 
physiological and mechanical principles ; so that we 
find that in cases in which the causes of distortion are 
very dissimilar, the mechanism adopted to relieve them 
has been almost, if not entirely, the same. It cannot 
he denied that while statics and dynamics have en- 
gaged the attention of the greatest mathematicians 
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since the time of Aristotle, and a great number of 
problems in those branches of science have been solved, 
very few surgeons have sufficiently studied them, and 
the medical profession has consequently been totally 
incompetent to grapple with the theory of the normal 
and abnormal attitudes and movements of the human 
body. Under these circumstances, we need not be 
surprised that mechanism constructed in imitation of 
the rack, gallows, and sundry other combinations of 
mechanical powers, have been resorted to and applied 
to cure distortions, and are not only recommended, 
but actually used to this day, lioth in this country and 
abroad. 

The various kinds of machinery just mentioned may 
be classed under three heads — namely, 1st, those 
designed to stretch the body either in a horizontal or 
vertical position ; 2nd, those which tend to prop the body 
and limbs ; 3rd, those which have foi; their object the 
reclining the body either obliquely or horizontally, in 
prone and supine positions. It will be convenient to 
discuss in this order the value, both real and assumed, 
of these several plans of treatment, also taking a glance 
at the machinery employed in stretching. 

The practice of stretching the trunk in curvatures 
of the spine has been more or less adopted in Germany, 
France, and England, and is still in constant use. 
An idea has prevailed, that when the spinous processes 
of any of the vertebrae appeared prominent in the 
mesial plane of the back, the bones had glided back- 
wards, and had become partially dislocated. I ha^ 
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however, demonatrateil tbe falsehood of this hypothesis 
in Chap. IX. It appears tlmt Ambrose Par6 considered 
distortions of the spine as being dependent on the 
dislocation of one or more of the vertebrae. He says, 
— " The rack -bones of the back may be dislocated 
inwards, outwards, to the right side, or to the left. 
We know that they are dislocated inwards when they 
leave a depressed cavity in the spine, outwardly when 
they make a hunch on the back ; and we know they 
are luxated to the right or left side when they obliquely 
bunch forth to this or that side." In order to replace 
the vertebra3, he recommends that the patient be laid 
on a table, with his face downwards; he is then to be 
bound by passing towels tightly under the arms and 
ai'ound the thighs, the ends being left free, so as to be 
held by two assistants, one placed at the head, the 
other at the feet ; the assistants pulling the body in 
opposite directions, as seen in fig. 59. The surgeon 
is then directed to force the dislocated vertebrse into 
their position by the hands, and the parts are to be 
secured by splints or plates of lead made on piu^ose, 
lest the vertebrse should fall out again. Tbe assistants 
are directed to extend the spine with as much force 
as possible, but without violence ; for he observes, that 
unless snch extension be made, no restitution of the 
vertebrse can be hoped for, by reason of the processes 
and cavities, whereby, for the faster knitting, they 
mutually receive each other. Such were the views 
and the methods employed by Pare to restore the 
figure of the back, under the supposition that curva- 
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tures of the spine depend on the dislocation of some 
of the vertebras. 

Fig. 59. 




' Orthopsctlic surgery does not appear to have ad- 
vanced in Paris since the time of Par6. The late 
Mr. John Shaw has described and ilhistrated the 
dous plans pursued when he was in Paris about the 
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year 1S25, from which I have selected the method of 
exteuding the body then employed in the convent of 
Sacr6 Coeur, and by Dr. Maisonabe. 

The object of this apparatus is to keep the body 
stretched by the help of powerful springs, made on 
the same principle as those used to try the strength of 
horses, which are drawn into action by means of a 
winch, or wheel, placed at the lower end of the bed : 
the communication between the body and the spnngs 
is made by the application of the casque on the head 
and the girdle round the pelvis. 

"The bed, or mattrass, on which the body is laid," 
says Mr. J. Shaw, "is stuffed, and is so convex that 
the spine, or only the middle part of the back, is sup- 
ported J it is of such a shape that it would he impos- 
sible to remain on it if the body were not fixed. 
Several springs (not represented in the figure) are 

Plan of the apparatus used at the Sacre Cceur. 

Fig. 60. 




attached to the sides of the bed. Some project in a 
direction nearly horizontal above the mattrass ; so that 
the sides of the patient, instead of resting on the bed, 
are supported by several points. The object is to 
push in the projecting parts, while other springs pass 
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over the body and press upon the ribs io front." The 
patient ia retained in this apparatus, and the body 
kept stretched during the niglit and greater part of 
the day, and when released he is to undergo auother 
plan of stretching by the aid of an apparatus acting 
■ vertically, or ia put into a strong corset or cuirass, or 
mounted on long crutches, which permit the toea only 
to reach the ground ; and at meals the body is sup- 
ported by crutches attached to the chair. The system 
pursued by Dr, Maisonabe, according to Mr. J. Shaw, 
is nearly the same as that just described ; but the 
mechanism of his bed is different, and he trusts almost 
entirely to extension. 

TTie appfirtiliix of Dr. Muisiniiihe. 




Hetcription of Jiijure from Mr. J. Shaw. — The madiinery, 
when in use, ia concealed by a board, leaTing only a hole com- 
municating vith the axle ej o- represents a piece of wood paKaing 
from one side of the bed to the other, h n, 6' n', two boarda, 
twenty-eight inches long, four broad, attached by hinges at ilic 
ends h V, and to the cords, g h, at the other; p p' are weights of 
twenty-fiye or thirty pounds, mouQted on wheels, and rnnning 
in grooves, on the boards b n, b' n ,- the weights are connected 
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with the wheel e, by corda ; by meani of a key, acting on the 
vheel e, the positioa of the weights may be varied on the leven 
h n, b' n', by which their power isiDcreaudordimiuiBhecl ; the body 
is connected with the cords h g, by means of the collar g,' round 
the neck, and the band h, round tbe hips. When the patient is 
placed in position, and connected with the apparatus, tbe operator 
then stands behind tbe upper end of the bed, and taking hold of 
the patient's head, extends the vertebrce by pressing the foot on 
the lever n ,- and by turning the wheel, arranges the position of 
the weights. 

By means of this apparatus he ia of opiDion that he 
can regulate the degree of power employed more 
readily than cnn be done l)y the iustrumeuta used at 
Sacre Ccenr. 

Mr. Shaw has also described and illustrated several 
other plans adopted by Messrs. Lafond, Duval, and 
others, having for their object the stretching or bending 
the body in horizontal positions. Besides the means 
employed on the continent, other machinery of various 
kinds and power for extending the body in a horizontal 
position has been extensively employed in this country, 
and is in use at the present time. Another system of 
extending the body consists in vertically supporting it 
in the air, and for this purpose several contrivances 
have been had recourse to, one or two of which may 
be adverted to by «'ay of illustration. In a work 
by Mr. Coles, the following plan Li recommended : 
"When the curve is situated high iip in the vertebral 
column, or in the neck, a useful mode of extension is 
accomplishable by means of a head-swing. A padded 
strap parses under the chin, and round the back of 
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the head, the ends meeting just above the temples ; 
from these a strap on each side passes about six inches 
above the head, where they unite, and terminate in 
a hook ; this is fastened, when required to be used, 
over the loop of a double cord, which passes upwards 
to a beam, or doorway, and over two pulleys fixed in 
the wood work ; these cords then again descend, and 
terminate in small handles just within the extended 
arms of the patient, who grasps them, and by pulling 
downwards raises himself off the ground by the head 
and arms, thus combiaing both active and passive 
extension in one operation !" An instrument well 
known by the name of the Hinkley Collar has been 
already figured, and its merits examined in Mr. Shaw's 
work ou the distortion of the spine. This is another 
apparatus adapted for extension. It would be easy, 
were it necessary, to find numerous other plans having 
the same object — namely, that of stretching the body 
vertically, but those already referred to will be suffi- 
cient. It is not the principal object of the author of 
these pages to direct especial attention to the details 
of the particular means employed in stretching the 
body, but to the ends aimed at by the surgeons who 
employed them ; not to wJiat machinery is used, but 
why it is used; not to how the body is stretched, 
but why and with what results. If an examination 
be made into the efiecta of extending the body in the 
axis of its length with the view of correcting distortions 
of the spine, it will not be very difficult to demonstrate, 
in the first place, that it can never effect the object 
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sought ; and secondly, that the practice is not merely 
insufficient, but absolutely injurious. Now with regard 
to the effect of what is termed stretching the spine 
in cases of lateral distortion, it has been seen in Chap. 
II. that, in its natural figure, the spine presents 
three curves, of which the one designed to give space 
for the great organs of respiration, circulation, and 
digestion, is by far the largest. Any strong force 
acting in the longitudinal axis of the body tends to 
diminish the natural curve of the spine, and deprives 
the latter of its rhythmical action during the respi- 
ratory and expiratory movements, alters the action of 
the ribs and muscular system, and the play of the 
pulmonic and abdominal viscera, so that the tendency 
of the stretching is to destroy the natural curves of 
the spine, in the endeavour to correct those which are 
abnormal. A general notion prevails, that the curva- 
tures to which this plan of treatment is applicable have 
been primarily induced either by the weight of the 
superincumbent parts or by the abnormal contractions 
of the muscles of the back, and that to counteract 
these effects extension is necessary. . 

Now it will hereafter be shown, that with the ex- 
ception of those cases of curvatures in the mesial 
plane occasioned by disease of the bodies of the ver- 
tcbrEE, the ordinary cases of curvature originate neither 
in the action of the superincnmbent weight, nor in the 
unequal contraction of corresponding muscles ; and if 
this be so, since extension cannot effect a cure when 
the bones of the spine have assumed a wedge-hke 
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shape, while if they still retain their normal fij 
other more simple remedies will be found efficacious, 
it is clear that the extending principle must be al- 
together useless, to say nothing of the confinement, 
torment, and loss of health, occasioned by this plan of 
treatment. Practitioners who pursue the extension 
system are probably little aware of tlie great amount 
of force necessary to accomphsh its end, and the 
injurious consequences of force when appUed to 
the soft parts. Dr. Hodgkin mentions the case of a 
man who, during the reign of Louis XIV., was con- 
demned, in consequence of some rehgious opinions Ije 
had uttered, to be torn to pieces by horses. "One 
horse was attached to each extremity, but the force of 
both horses was insufficient to effect the purpose de- 
signed. Upon perceiving this, the executioner cut the 
muscles through before the limbs of the wretched victim 
could be torn from the body." This gives some idea 
of the muscular force in resisting extension produced 
by forces external to the body. Sir Benjamin Brodie 
observes that no machinery ought ever to be employed 
for the pm^ose of elongating the spine and correcting 
deformity. There are, however, practitioners in the pre- 
sent day, who make use of powerful machines, capable 
of overcoming the anchylosed union of the diseased 
parts of the vertebral column ; and it is reported tl 
life has been sometimes sacrificed in the attempt. 
Propping and Supporting systems. — Perhaj 
apparatus has been so extensively apphed to the frame- 
work of the human figure, especially in the female sex, 
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aud has produced such mischievous results, as corsets 
or stays ; and notwithstanding all that has been urged 
"gainst their use by medical men, there is not one 
i^'oman out of a thousand who is not daily encased in 
one of these macliines. 

An idea must surely prevail, that from an early 
period, the human body is not a self-supporting ma- 
chine, and is therefore in this respect inferior to the 
lower animals ; whereas, in truth, the greater the free- 
dom of muscular movement, the greater is the normal 
strength and power of the rauscles to keep the body 
erect. But let us inquire inlo the actual effect of 
stays, especially w^hen applied to growing persons be- 
tween the periods of youth and adoleaence ; and let 
us take for example a young girl of from four to fourteen 
years of age. Up to the first period the parents usually 
allow the muscles to perform their natiu-al office of 
controlling the attitudes, and of preserving the equi- 
hbrium of the body about its centre of gravity. This 
power is only attained during the period of infancy 
after long practice, attended with numerous falls and 
bruises. 'When the chOd has acquired a perfect control 
over the various attitudes which the body commonly 
assumes in youth, when the muscles have been accus- 
tomed to freedom of motion, and when the erect position 
is maintained with perfect ease, then the parents usually 
encase the body in some kind of corset, which re- 
strains the movements of the back within narrower 
Hmits than those to which it had been accustomed ; 
the muscles are at the same time curtailed of their 
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natural action, and lose a portion of their power, be- 
coming less able to support the trunk steadily. In a 
short time after the application of the stays, the wearer 
feels unable to maintain the erect position comfortably 
without them; and after the lapse of a still greater 
period, by habitual use, these unnatural appendages 
to the human figure become apparently, though not 
really, as necessary to the individual as is the natural 
carapax to the tortoise. The injurious effects of corsets, 
however, are not confined to their debilitating influence 
on those muscles which serve to keep the trunk erect ; 
they extend to several other very important func- 
tions of the body. It is well known that the frame- 
work of the thorax is composed of an assemblage of 
hones and cartilages, which are articulated to each 
other in such a manner aa to allow, during the respi- 
ratory processes, of very pecuUar movements essential 
to a healthy state of the body. One of these move- 
ments — namely, that of inspiration — increases the 
horizontal section of the thorax ; but since stays are 
usually composed of unyielding materials, the full expan- 
sion of the chest, and its normal and automatic move- 
ments, are impeded. When the stays are laced tightly 
round the body, under the erroneous idea of improving 
the figure, the natural areas of the thorax and ab- 
domen are diminished, the viscera displaced, and the 
great vital functions of respiration, circulation, and 
digestion deranged. In some excellent papers printed 
in the Philosophical Transactions, and in the Trans- 
actions of the Provincial Medical Association, Dr. 
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Sibson lias described and figured the |ioaition3 of the 
ribs aud viscera during the various changes in the 
respiratory processes. An analysis of his views would 
be too long for insertion here; but sufficient ia gene- 
rally known and admitted of the normal movements 
of the thorax and abdomen, to prove the iujmious 
tendency of confijiing the body in stays. 

Soemmering has figured and described the injiu-ious 
effects of stays, and compared the outlines of the 
statue of the Venus de Medici with that of a stay- 
laced young woman of the modern school, and it need 
not be added how greatly to the disadvantage of the 
tatter. In spite of all that has been said against the 
use of stays by medical writers of every grade, almost 
every young female is provided with an apparatus of 
this kind at that period of life when the vital functions 
of the body are in the stage of vigorous development. 
It may naturally be asked why this practice is kept 
up. The solution of this question is to be found in 
the ignorance and vanity of the parents, and the 
neglect of the family medical practitioner. 

The hypothesis which prevads amongst mothers 
seems to be, that the more nearly the body is separated 
into two portions at the waist, the greater is the 
approach to perfection of figiu-e ; and this mischievous 
idea is extensively brought to bear upon their daugh- 
ters, not only at the expense of their normal figure 
and the real outlines of beauty, but to the permanent 
loss of health and strength. 

With respect to the physical education of young 



■2'dO 



DEFORMITIES IS THE HUMAN BODY. 



people, I do iiot find the professional advisers of 
families troubling tlicmselves or their patients on the 
subject. If the naother of a numerous family is asked 
what her medical attendant recommends respecting 
the use of stays and gymnastic exercises for her chil- 
dren, the answer in nine hundred and ninety-nine 
cases out of a thousand will probably be, that the point 
has never been discussed ; and it is only when the 
first stage of some kind of deformity becomes apparent 
that any attention is directed to the subject. 

Tf corsets are so detrimental to the figure and health 
of young persons as all experience proves them to be, 
and if they lead to debility and deformity of the trunk, 
how is it that they are introduced to correct the evils 
they produce? Is there really existing in this case an 
illustration of Hahnemann's dogma — "Similia similibus 
curantur?" A strict examination into this matter 
will dispel the illusion, and show the practice, although 
somewhat plausible, to be really unsound. Stays of 
different kinds have long been introduced with a view 
of supporting the spinal column, and correcting its 
distortions, under an impression that curvatures of the 
vertebral column arise either from its being unable to 
support the superincumbent weight, and its yielding in 
the same way as any other elastic column of metal or 
wood bends when overloaded ; or from the muscles 
on one side of the spine acting with greater force than 
those on the other, and so pidling the spine into 
abnormal curves. It is supposed that if the trunk 
be encompassed with a corset which props up the 
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columns, and at the same time presses against or pushes 
in the prominent parts, both the tendency to distor- 
tion, and the distortion itself, will be removed. Ac- 
cordingly, we have Hossard's lever belt, Tavernier's 
lever belt, with inclination busk, Amesbury's, Biggs', 
and a large variety of stays, all of them designed for 
the object just mentioned. 

Another method winch has been and still is exten- 
sively employed to take off the superincumbent weight 
from the apiue, is that which is denominated the supine 
and prone positions of the body. 

There is, without doubt, a large number of the 
more aggravated cases of curvatures of the spine de- 
pending on diseases of the vertebral column, which 
renders it iudispensably necessary that the patients 
should be kept in a state of rest, and in a nearly 
horizontal position ; and it becomes a subject of no 
little importance to determine how this is to be ac- 
complished in a manner the least liable to objection. 
It is well known to every practical surgeon, that the 
human body cannot be kept continually in any one po- 
sition without entailing effects which are not only detri- 
mental to the general health, but which induce organic 
lesions of the soft parts on which the body rests. The 
functions of the skin are impeded by constant pressure, 
and all the muscles reqnu-e to be occasionally brought 
into action. Now these general physiological conditions 
are opposed to the therapeutic means necessary for 
the cure of local disease ; and the problem to be solved 
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is, how to give the body the greatest relief with the 
least injury. 

Many kinds of machines have been invented, in 
order to meet the difficulties of the subject, among 
which, those most in use are the late Mr. Earle's triple- 
inclined plane, the prone planes, Dr. Arnott's hydro- 
static bed, spring beds, &c. The advantage of the 
triple-inclined plane in diseases of the spine is the 
facility of altering the angles of flexion at the hip, 
knee, or ankle joints, and of varying the inclination 
of the trunk, whereby the pressure of the body on any 
points of its surface in contact with the plane is varied, 
without causing the body to move upon itself by much 
exertion ; while, during the night, the inclined plane, 
being adjusted horizontally, gives the patient the 
opportunity of turning the body partially round upon 
either side, and reheves the back from the pressure it 
has sustained during the day. The triple-inclined 
plane is therefore a very useful machine in the hands 
of a skilful practitioner who has the abiHty to discover 
in what manner and in what cases it should be used ; 
but, like many other useful inventions, when left to 
the discretion of those who have not studied the 
mechanism of the human frame, and the objects of the 
machine itself, it has been very much abused. 

The prone plane, recommended by several orthopicdic 
practitioners, possesses none of the advantages of the 
triple-inclined plane, since the prone position of the body 
is the only one for which the apparatus is intended. The 
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hydrostatic bed has the advantage of subjecting portions 
of the body in contact with the bed to an equal and 
uniform pressure, and allows a greater number of points 
to receive support; and the surface of the skin is 
therefore less liable to be abraded. It appears well 
adapted for cases requiring constant horizontal position ; 
but it is necessary to place some medium between the 
surface of the body and the bed to allow of the trans- 
mission, or to promote the absorption of the natural 
excretions from the skin. The spring beds are in- 
tended to effect the same object as the hydrostatic, 
and are, in a great measure, a very good substitute ; 
for besides admitting a change in the inclination of 
tbe body, they give free passage to the perspiration. 
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The recnmbent, Hupine, and prone positions diacasBcd ; the prone 
position; its effects; Mr. Liston's opinion respecting it. — 
Strength of the spine ; erroneous opinions an the HubjecC 
liable to fatigue. — Stooping a state of increased action. — ' 
not liable lo bend ; it rests on a small base. — Surface of e 
lumbar articulation altered by the disposition of the legs. — > 
Division of lateral curvature into three stages ; treatment 
these several stages. — Distortions of the lower extremities ; 
their treatment. — Use of leg-irona ; tbeir action ; require to 
be jointed.— Propping the spine, and neglecting the legs, 
shown to be irrational. 
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A GREAT deal of discussion has arisen as to whether.l 
patients requiring a recumbent posture shonld be kept J 
continually in a supine or a prone position. It hasJ 
been already stated, that no person can be kept in anrjl 
one postiu'e for a long time, without detriment to the-l 
general health ; and that organic lesions of the soft! 
parts on which the body rests are thereby induced.^ 
As these are well-known facts, it becomes a matter of J 
very serious importance to decide in what cases of dia-ij 
tortion the recumbent posture is advisable — whether the J 
supine or the prone position is preferable — and whether J 
it is necessary that patients should be kept constantly J 
in one or other of these positions. In inflammatory J 
states of the intervertebral substance, and in caries (£m 
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the vertebrae, which always require that the parts 

affected should be reUeved from superincumbent pres- 
sure, and kept in a state of rest, there can be no doubt 
that the recumbent posture is necessary. The tendency 
of nearly all invalids, when confined to their beds 
by aggravated sickness, is to lie in the supine posture ; 
and this they do spontaneously when the disease is of 
such a nature as to render it indifferent to the practi- 
tioner what kind of posture the patient may be inclined 
for ease and convenience to choose. Whatever may be 
the immediate pathological cause of invalids thus 
assuming the supine position, the fact of their doing so 
shows, that it must be the most agreeable one ; but 
although the form and structure of the posterior surface 
of the body render it best adapted for recliomg on, this 
posture cannot be permanently maintauied without 
injury to the integuments. The position is, besides, 
objectionable, because it prevents access to the parts 
which may require topical applications, such as lini- 
meiUS) frictions, blisters, setons, issues, leeches, &c. 
This objection holds good as long as the patient is not 
allowed to turn on his side ; but as this might be done 
without injmiously disturbing the affected parts, the 
supine position could be resumed when desirable, and 
the patient placed on the side when necessary. The 
advantages of adopting a recumbent position, and 
occasionally clianging it from the back to the side, in 
organic diseases of the vertebrtC, has been experienced 
by the author in so many cases as to justify his giving 
to the supine the preference over the prone posture. 



2;iO DRFORMITIES IN THE HUMAN BODY. 

The result of a number of observations, without ente 
ing into details, is this — namely, that in cases ■ 
curvatures of the spine arising from disease and absorp- 
tion of the bone, the distortions do not increase while 
the body is kept in horizontal, supine, aud 1 
positions; but they do increase when the bo 
allowed to move aud be erect ; and that, moreover 
when patients are confined to the prone position, so 
far as the author's experience goes, the curve of the 
spine is progressive, for which there are obvious 
mechanical reasons. For instance, in all cases, both of 
diseased bone and curvature, the superincumbent pres- 
sure cannot ^e wholly withdrawn in any oblique 
position ; and where the curvature is in a plane or 
planes intermediate between the mesial and transverse, 
as generally happens, the deformity may often be 
increased by the tendency of the unsupported curved 
position towards the transverse plane. 

Under the prone method of treatment the patient is 
Itud on the face on a double-inclined plane, as seen in 
figure 63, so that the weight of the trunk is supported 
on the tliorax aud abdomen ; and, accordingly, the 
liead must either rest on the lower jaw, or be upheld 
by its extensor muscles and hgaments ; the play of the 
ribs and of the abdominal and thoracic muscles aud 
viscera is restricted, and after a time the thorax itself 
is flattened, and the digestive, respiratoiy, and circulat- 
ing functions arc more or less impeded. The advantage 
derived from a prone position, as a set-ofi" to these grave 
evils, is the facility of making topical appUcatious. Mr, 



VARIOUS POSITIONS. 



Listoii observes, — "Perhaps the prone position, about 
which so much has been said lately, is the most favour- 
able, as it takes pressure off the diseased parts, and 
prevents the carious bodies of the bones from falling 
upon one another. It also assists the return of the 
blood from the numerous veins contained in the 
vertebrse and in the spinal cord," 

Now if all the advantages just enumerated really 
existed, we should then have to consider, not only 
whether they counterbalanced the injuries sustained by 
this system, but also whether either the supine or prone 
position ought to be continued throughout the whole 
treatment of organic diseases of the vertebral column. 

The case of a patient was mentioned in Chap, X. 
who, after having been placed on a prone plane for 
some time, was obliged to be moved into another 
position — ^the prone system of treatment having become 
intolerable. 

The following case will afford another example of the 
effects of this plan of treatment : — 

J. G , a girl, aged eleven, was admitted in 

1839 as a patient at the Northern Dispensary, and dis- 
charged in 1844. She presented the genera! aspect of 
a child in a delicate state of health. Her parents were 
extremely poor, and uncleanly in their habits. Her 
countenance was pale ; eyes large and expressive ; 
abdomen large and hard, as in mesenteric disease ; 
digestion languid and imperfect; appetite deficient; 
and bowels irregular. On examination, there was 
found a shght lateral curvature of the spine, with 
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symptoms of a softened state of the bodies of the vi 
bra; : and the prostration of strength was so great, 
standing and walking soon produced a sense of weari- 
ness. There was no pain in tlie region of the vertebral 
column, and the pressure of the hand was home with 
ease throughout its whole length. She was ordered a 
mixture composed of iron and iodine, and reclined on 
a triple-inclined plane. However, great desire was 
expressed by one of the governors of the institution 
that the patient should be placed on a prone plane, and 
a fair trial given to that system of treatment. This 
having been assented to, the patient was removed from 
the triple-inclined to the prone plane, under the 
immediate superintendence of the late Dr. Verral. 
Previously, however, to the patient's removal from the 
triple plane, there was a very slight tendency in the 
spine to curve in the mesial plane, and symptoms of 
organic disease of the bodies of some of the dorsal 
vertebrae had just become obvious. The author tlien 
lost sight of the case during from twelve to thirteen 
months, the child being removed to another residence^ 
when, being again consulted, he found the patient 
lying on the prone plane, to which she had been 
fined night and day for nearly two years. She 
labouring under extensive disease more or less invi 
ing the bodies of ten of the dorsal vertebrse 
angular curvatures had gone on increasing during the 
whole of the time she was on the prone system of treat- 
ment ; the thorax was flattened ; the heart throbbed 
against its walls; the functions -of circulation and 
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whatever state of recumbency maybe adopted, it ought 
not to be persevered in for any length of time ; but 
relief should be afforded by changing the position, 
which, as we have seen, may be d^ne without 
detriment. 

In cases of ordinary lateral curvature arising from 
unequal pressure on the vertebra; and intervertebral 
cartilages, no good beyond that of taking off the super- 
incumbent weight can be expected to arise from the 
recumbent posture ; but to restore these organs to their 
normal condition will require something more than 
their being merely relieved from the general pressure, 
especially if the complaint has been of some standing, 
and the bones and cartilages have acquired an altered 
figure. It is from this circuoistance that surgeons are 
disappointed, when, after having laid a patient in a re- 
clining position for many months, nay, sometimes years, 
they find, to their great mortification and chagrin, that 
the moment the erect position is attempted to be 
resumed, the curvature re-appeai's as before : in fact, it 
could not be otherwise, inasmuch as distortion, arising 
from a certain amount of mechanical force, must be 
counteracted, if it ever can be counteracted, by at least 
some amount of force applied in an opposite direction, 
and this the recumbent position alone is not calculated 
to effect. It can only be done on the same principles 
of equilibrium, and of the effect of extraneous forces on 
the body, whioh have already been stated. The nature 
of the distortion must be clearly made out before any 
lutic agents are employed ; and it is not difficult 
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to form ft tolerably correct diagnosis of these oases. It 
is manifest, from the preceding considerations, that 
lateral cm-vatiire of the kind above mentioned should 
not be treated by laying the patient for lengthened 
periods in the recumbent postm'o. In the first stages, 
when no abnormal change has taken place in the bones 
and cartilages, and a tendency is perceived in the young 
imd deUcate to assume a position prejudicial to the 
figure, accompanied with a sense of weariness after 
standing and walking, the patient should resort to 
a recumbent position, and lie on a firm mattrass or 
couch for some time every day, according to circum- 
stances, as long as may be required ; not with a view 
of curing the lateral curvature of the spine, but in 
order to rest the body, ao that the patient may not be 
induced to assume the attit\ideg which produce this 
form of distortion when standing. When the spine is 
Ejected with caries of the bodies of the vertebrBe, the 
recumbent posture is indispensable, and no machinery 
adapted to prop, push, or stretch the body that has ever 
been invented will be efficacious in the treatment of 
these cases. When the patients are laid in a recum- 
bent posture on the first appearance of organic mis- 
chief, the amount of distortion is greatly diminished. 
Much depends on the care and manner in which this 
reclining is carried out ; the more nearly the body 
hes in the horizontal plane the better, foi- important 
reasons. When the head-piece of a triple-mcUned 
plane is raised to an angle scarcely sufficient to allow 
the patients to see horizontally, they have a constant 
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tendency to raise the head above the phme, hj which 
means the bodies of the affected bones are irritated and 
pressed on ; if, therefore, this tendency is observed, it wili 
be necessary either to lay the patient perfectly fiat, or 
to confine the head to the plane, according to circum- 
stances. The nearer to a horizontal posture the trunk is 
laid in, the less, owing to the direction of the great dorsal 
curve, will be the pressure on the bodies of the dorsal 
vertebrse ; and if the mischief is in the lumbar region, 
it will be necessary to adapt a support to the lumbar 
curve. Tlie same may be observed when the disease 
afiects the cervical vertebrcc ; indeed, a person conver- 
sant with the figure and mechanism of the spine may 
easily release any portion from injurious pressxu'e, by 
adapting the surface of the couch to the circumstances 
of the case, without having recourse to the barbarous 
stretching machine of the English and French schools. 
This end may be accomplished by considering the spine 
as a bent lever, and causing it to rest on a point, as a 
fulcrum, opposite the parts requiring relief ; the weight 
of the body itself then acts at each end of the lever, 
and exerts a mechanical force quite sufficient to release 
from pressure the parts affected with organic disease. 

It is remarkable that while one class of surgeons 
teaches that the human spine is sixteen times as strong 
from being formed of three curves as it would be if 
straight, and that the vertebral column is consequently 
an organ of great strength, another class pretends that 
it is so weak, that in delicate persons it cannot support 
the weight of the superincumbent parts of the body. 
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and requires to be supported by extraneous mechanism. 
The fallacy of the former hypothesis has been already de- 
monstrated (Chap. II.), and it is now deairableto investi- 
gate whether the latter is, or is not, more tenable. In an 
ordinary state of health, all experience proves that the 
spine is not only an organ of very great strength, but 
that it is Uttle liable to bend under loads equal to, and 
often greater than, the whole weight of the body. 

In the ordiDary exercise of standing and walking, the 
spine is the least liable to fatigue, not oidy from its 
structure, but from its functions. When persons have 
undergone fatiguing exercises, in order to rest their 
weary limbs they usually put the body in a sitting 
posture, to take the weight off the lower extremities. 
After sitting for a limited period, the sense of fatigue 
passes off without resting the spine. When any delicate 
persons lounge, and bend their knees, and stand on 
one leg, it is not to relieve the spine, but to transfer 
the action of the muscles of the legs from the flexors to 
the extensors, which are of far greater power ; the same 
effect is produced when persons stoo[) — the extensors of 
the back are thus thrown into greater action. Many 
suppose that the act of stooping implies weakness of 
the dorsal muscles, whereas they are then in a state of 
increased action. If the spinal column has a tendency 
to bend under the weight it is destined to carry, how is it 
that this organ does not become more commonly distorted 
in the plane of its natural curves? Unless, indeed, 
there be disease of the bones of the spine, the origin of 
ordiuary cases of lateral curvature ia rarely found in the 
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spine itself, but is produced by extraneous forces ; for 
the bones, muscles, ligaments, and cartilages, are all in 
a state of imiform action on each side of the mesial 
plane of the body, and the tendency in the spine to 
bend must necessarily be in that plane. The vertebral 
column rests on a very small base compared with its 
height — namely, on the sacro-lumbar articulation ; and 
whatever tends to incline the 8m*face of that articula- 
tion, either laterally or obliquely to the horizon, must 
produce corresponding movements of the whole verte- 
bral column, and thus induce curvature out of the 
mesial- plane. 

Now the direction and position of the surface of the 
sacro-lumbar articulation may bo varied by the length 
and disposition of the lega ; if one leg be shorter than 
the other, the articulation will be inclined in standing 
towards the side of the shorter leg ; and the same thing 
occurs when one leg is flexed at any joint while the 
other is extended. The structure of the pelvis prevents 
any inclination of the sacrum upon itself, independently 
of the whole of the pelvis. The progress of lateral 
curvature not originating from organic disease, may bo 
divided into three stages. The first comprehends those 
cases where the curvatm^ depends upon attitude, or 
the presence of extraneous force, without having pro- 
duced any altered figure of the vertebrie, or absorption 
intervertebral cartilage. The second comprises 
those cases in which the curvature results from a slightly 
altered figure of the vertebraa and cai'tilages, in very 
young and growing persons, the bones not being yet 
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sufficiently hardened with their due proportion of 
earthy constituents, and where the curvature is pro- 
duced by extraneous forces, Tlie tliird embraces cases 
of long duration, in which the vertehnc have assumed 
an altered figure, and have become hardened liy an 
increased supply of earthy constituents ; the persona are 
of a more advanced age, and the body has acquired a 
position of equilibrium cor-responding to the distortion 
of the spine. The great objects to he kept in view by 
those who have the management of children are, to see 
that none of those causes which produce ordinary 
lateral curvatures be suffered to act, and to attend to the 
physical condition of the body in the ear-lier stages of 
developnient. 

It is from tlie Dcglect ef these precautions that 
children fall from the primary into the secondary stages 
of lateral curvatures. When the vertebrse and inter- 
vertebral cartilages lose their natural figure, the body 
assumes a new state of equQibrtum, in which the spine 
is curved laterally, and often twisted spirally ; and if 
time be allowed for the vertebral bones to grow and 
become hard, whUe the body is thus distorted, the 
patient falls into the third stage, in which no mechanical 
treatment will restore the parts to their normal figure. 
In order to rectify lateral curvatiu"es of the spine with 
the greatest certainty and least loss of time, they should 
be taken in hand as early as possible in the first stage, 
before the vertebnc change their normal figure, when a 
clear perception of the cause will enable any person 
acquainted with animal mechiinisni to remedy the mis- 
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chief; and the practitioner will be enabled to effect in 
a few weeks a cure for which probably years would not 
suffice if the disease were neglected at this time. In 
the treatment of the second stage, we have first to ascer- 
tain the immediate cause of the distortion, and the 
nature of the extraneous force acting on the spine, — 
whether it be in the body or external to it ; and when 
the natiu^ of the force is considered, whether it be 
constant or intermittent, avoidable or unavoidable ; we 
can then detemnne the means of counteracting it ; but 
without this previous knowledge, any attempt to restore 
the patient must be empirical. It is of fundamental 
importance to provide means that will put the body 
into a state of equilibrium, with the spine erect. This 
should be effected by putting the patient into the 
proper attitude, if practicable, by means of the muscles 
themselves. 

When the cause of the curvature is estemal to and 
independent of the spine, it is quite clear that the 
raeaaiu'es to be taken to remedy the defect nmst also 
be external to the spine. By taking such measures as 
the nature of the force impressed requires to counteract 
its effects, the spine will soon regain its normal figure 
in the secondary stage, without the aid of instruments 
of any kind applied immediately to it. The treatment 
of the third stage of lateral curvature is quite another 
thing. Now, although we know that bones will, at 
any period of life, change their forms under certain 
circumstances, yet when persons have suffered the dis- 
tortion of the spine to remain many years uncounter- 
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acted, until they have ceased growing, it naturalJy 
remains permanent, and years of treatment, however 
scientific and well adapted to reUeve the patient, will 
most probably fail. Such being the result of neglect, 
it is incumbent on all those who have any interest in 
the treatment of these affections to begin in the earliest 
stage, or, at latest, in the secondary stage, when success 
is almost certain ; and not to allow the patients to fall 
into the third stage, when they become the subjects of 
experiments which usually only torture them, at the 
expense of their health, time, and money. While very 
great attention, with very unsatisfactory results, has been 
paid to curvatures of the spine, very little has been done 
with respect to cui-vatures of the lower extremities, and 
their influence on the rest of the body. As unequal 
ein'vatures of the legs, although they may be equal in 
length, must, if neglected, produce curvature of the 
spine, it surely becomes of importance to attend to 
those organs, since they support the whole body. In a 
large number of cases, surgeons have attempted to 
remedy distortions of the spine by machinery, when the 
I origin was to be found in the state of the lower extremi- 
' lies — thus attending to the eEFects, rather than to their 
causes. When the shafts only of the long bones of the 
1^8 become distorted, they sometimes do, and at other 
times do not, regain their normal figures ; but it often 
happens that in children the shafts are not only curved 
in more than one plane, but are also curved unequally, 
and then they walk very badly : if this is suffered to g 
on, the spiue participates in the distortion, for reasons 
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which have been ah^atly explained. If the curvature 
of the leg occurs at the knee-joint, and there results an 
eccentric movement of the leg upon the thigh, this form 
of distortion does not recover apontaneouslyj aud does 
not admit of being cured, unless it be takeu at an e 
stage. 

There has existed in the minds of mauy surgeoni 
repugnance to the application of irons for supporting 
the legs of children, on two grounds : ilrst, on the sup- 
"position that the legs get straight spontaneously ; i 
flecondly, that the weight of the irons is objectioi 
and entails a continual expense to keep them in repa! 
Those who take this view forget that in standing the 
weight of the iron rests upon the ground, and that in 
Walking the force of gravity swings the irons, as it does 
the legs themselves, with but slight muscular exertion ; 
indeed, so far from their being an incumbrance to the 
wearer, they are of veiy great assistance. Most weak 
children walk much better and lirmer with than without 
them ; and the author has seen many children who 
refuse to part with their irons, and weep when deprived 
of them. With regard to their breaking, much 
depends on their original strength aud make : the force 
impressed on them, and the friction at the joints in 
walking, requu-e them to be well made, and their 
strength adapted to the age and power of the patient. 
Mr. Araeebury and Mr. TampUn recommend that 
there should be no joint in the iron at the knee ; but if 
the leg be kept constantly extended in walking, it tends 
lo distort the trunk in the same manner as a wooden 
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leg interferea with the natural movements of the body, 
and it is therefore very prejudicial. The iron should 
be constructed so aa to allow of all the natural move- 
menta of the Umb, and, at the same time, to give it 
efficient support. This cannot be accomplished with- 
out having joints corresponding with those of the hip, 
knee, and ankle. It is strange, that wliile nearly all 
surgeons admit the propriety of supporting the spine, 
60 many of them should deny the use of supporting the 
legs — especially since the office of ttie latter is to 
support the whole body, and of the former, only a por- 
tion of it. When the legs bend, it is really because 
they are not able to bear the weight of the body. Not 
so with the spine, which is able to support itself, but 
which must conform its position to the condition of tho 
legs. Therefore to prop the spine, which is curved by 
the state of the legs, is just as if a person who has the 
foundation of his house defective, which causes the 
superstructure to incline, shoidd attempt to remedy the 
evil by propping the upper parts, and neglecting the 
repair of the foundation which is the seat of the mis* 
chief. An architect would be called insane, were he 
to adopt such means for such an end ; yet this is pre- 
cisely analogous to the plan of propping the spine, and 
neglecting those defective states or malpositions of the 
lower extremities which give rise to tlie greatest 
number of cases of lateral curvatures. 
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PHYSICAL AND PSTCHO-PHTSICAL TREATMENT OF 
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Liviog aaimab subject to waste and renovation, growth, aud 
decay. — Quality and quantity of food. — Supply of pure air 
essential to health ; is uot so accessible as might be supposed. 
— Model dwellings for the poor. — Registrar-General's report. — 
Laws of mortality when the density of the population variea. — 
Law of decremeot of human life; Theory of Mr. Benjamin 
Gompertz, — Gymnastic and other exercises. — Organization of 
females ; tbey are endowed with more strength than is gener&lly 
assigned them. — No Gymnasium adequate for this metropolis. — 
Analytical and synthetical methods. — Surgical instrument- 
makers not competent to treat distortions.— No new machine 
proposed by the author. — Note relating to strictures written 
on the last paper. — Conclusion. »■ 



From the moment of birth to that of death, there 
exists in man, and in all animal beings, a continued 
struggle between the iuherent organization and the 
extraneous decomposing forces. During the whole 
period, the living machine is in a constant state of 
waste and renovation, of growth and decay. To com*- 
pensate this waste, and to maintain the life and tetonfl 
peratnre of the body in a healthy condition, a due 
supply of food, clotliing, air, and exercise, both mental 
and corporeal, is requisite. The quantity and quality 
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of the food should be varied in each individual, accord- 
ing to the age and vigour of the vital functions. That 
a deficiency of food lias a very baneful influence on 
health, evciy person is wQling to admit ; and on the 
other hand, it is no lesa true that an over-supply and 
engorgement of the system tend to the production of 
disease. It is not proposed to enter here into the 
details of what the quantity or quahty of the food 
should be with relation to the age, sex, vital force, and 
exercise of the individual. The cheroistry of this sub- 
ject has recently occupied the attention of Liebig and 
others, and the quantity and quality of aliment has 
been made the subject of several able treatises, amongst 
which may be mentioned that of Dr. Barlow.* 

A due supply of air and water in a tolerable state 
of purity is as essential to health as animal and vege- 
table food. Pure air, though so abundantly diffused, 
is not so accessible to all persons as might at first 
be supposed. The lower classes in the country often 
reside in crowded hovels, in low and damp situa- 
tions, surrounded with ditches and decomposing vege- 
table matter ; and in large towns, the same classes 
often congregate in cellars, and small, ill-ventilated 
rooms. It is in such abodes of filth and wretchedness 
that the victims of rickets, caries, and general distor- 
tion of the osseous system are most frequently to be 
found. Large and well-ventilated apartments, com- 
mensurate with the number of occupants, can be but 
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Beldom procured by tho humbler classes ; yet the id 
portance of such rooms becomes manifest if we i 
pose, with Dr. Thompson, that 666 cubic feet of air 
are respired by each adult person in twenty-four hours. 
Indeed, when a very few persons have been together 
even in a large and well-proportioned, but unventilated 
apartment, in a short time the quality of the air is 
perceptibly clmiiged j and this must be still more 
sensible in smaller apartments, where cleanliness is 
often neglected, A move is now being made in tho 
right direction by the construction of model dwellings 
adapted to the poor, in which well-ventilated rooms 
are supplied with water, light, and heat, at an expense 
within the reach of industrious artisans. The Registrar- 
Gteneral's fifth annual report shows the ill effects in 
the metropohs of too many persons crowding into a 
given area. It is there shown that the respective 
mortahties of two districts are to each other as the 
sixth roots of the numbers expressing the densities of 
the population.* It would therefore seem that the 
agents which have a tendency to diminish the vital 
forces increase rapidly with the increase of population. 
Intra-mural interments, the baneful effects of which 
have become too glaring to admit of their being much 
longer continued, contribute largely to the catalogue 



* That ia, if M, m, are the mortalities, and D, d, tlie ilensitM 
of two dislrictt. 
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of deleteriouB agents affecting the health of persona 
living in large cities, more especially in London. The 
indecent and revolting churchyard scenes, so often of 
late brought under our notice, and the idea of which 
is enough to make a person shudder, and wonder that 
such a system should be for a moment tolerated : 
slaughter-houses, from which noicious etBuvia escape 
and poison the air : and the pestilential gases which 
are generated in the common sewers, still open, or at 
least openly communicating with the streets, by grated 
apertures : these are a few out of the many causes 
operating to the destruction of human life in this vast 
metropolis. 

Independently of the influence of extraneous causes 
in impairing the vital power of the system, we know 
by experience that the vital force in every animal 
diminishes in intensity as life advances. In the human 
race, the law of the decrement of the vital force is 
deducible from tables of mortahty. This subject has 
been investigated by Mr, Benjamin Gompertz. Ho 
supposes that, taking any given number of persons of 
equal vital powers, the probability of death is the 
same; but that, taking all mankind, it is inversely 
proportional to their vitality, From a very elaborate 
mathematical investigation, he finds that, after a certain 
age, as persona advance in years, the advance being 
taken by very small increments of time in arithmetical 
progression, the vital power to resist destruction is 
continually decreasing in the same small periods of 
time, in a geometrical progression, the ratio of which 
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is as 3 to 4. An idea may be given of this law of 
decrement of the vital force, by tte action of the air- 
pnrap. In exhausting the air from the receiver of an 
air-pump, the syringe withdraws a portion of the air 
every time it acts, in a series of strokes which are in 
the arithmetical progression, 1, 2, 3, &c. ; but the 
quantity of air left in the receiver after each stroke 
diminishes in a geometric progression, which will, if 
the piston draws out one-fourth of the contents of the 
receiver at each stroke, be (I), (i)a, (1)3, &e. In like 
manner, the decrease of vital force is much more rapid 
than the increase of years, although theoretically it is 
never entirely exhausted; for, as there is always a 
remainder of air in the receiver of the air-pump, so 
there is always a remainder of vital force in the body ; 
but it becomes, in the course of time, so small, that 
it is insufficient to move the mechanism which carries 
on the vital functions, and the body yields to the 
destructive agents of surrounding Nature. As hfe is 
rendered apparent by the exercise of the vital functions, 
so death is recognised by their cessation. 

Daily experience, indeed, shows that the strong and 
vigorous often die early, whilst the weak and delicate 
live for a mucli longer period. This manifestly arises 
from the difference in the cirnimstances under which 
different individuals are placed, and the amount of 
care which is taken of them. Some persons are more 
exposed to the influence of destructive agents than 
others ; some have all the means of sustaining hfe in 
1, whilst others are very indifferently supplied 



1 




PHTSICAL TREATMENT OT CHILDIIEN, 



255 



with these means ; and hence the vital force of a weak 
person may be so economized, as to prolong Ufe far 
beyond the terms of persons who have a greater intensity 
of vital energy, but vrith neglected or deficient means 
of retaining it. 

The elements that enter into the composition of 
animals are said to be as only eighteen ; but these, 
though few in number, combine to form more complex 
arrangements, and unite in higher atomic proportions, 
than can be found in the mineral or vegetable king- 
doms. The various organic tissues of the body, which 
are thus formed out of complex elementary arrange- 
ments, are held together by such very weak affinities, 
that they begin to be decomposed, if not before, at 
least the instant after life is extinguished. In order 
to sustain the living fabric in health and vigoiu", all 
the organs of the body must be made to do their duty, 
and each must be exercised in a manner consistent 
with its importance to the welfare of the whole system ; 
but, such is the mutual relation of eacli organ with 
the rest, that the misuse or abuse of any one disturbs 
the whole machinery, and the system accordingly 
suffers. Many inconsiderately overtax the mental at 
the expense of the organic functions ; others tax the 
latter to the neglect of the former. In the earlier 
stages of life, when the body is in a state of active 
development, and the mental faculties are easily sus- 
ceptible of impression, and full of vigour, the due and 
proportionate exercise of the mental and bodily func- 
tions is of very great importance. In the cultivation 
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c^ the intellectual powers of young people, oare 
be tnten that the brain be not over-worked. Ex] 
rience shows that every effort of the mind ia attended 
with an expenditure of vital force. It ia accordingly 
found that, when persona are subjected to continued 
mental exertion, the ganglionic or vegetative fuuctiona 
diminish in inteneity. Even in adults, when the mind 
is long fixed on some subject that absorbs all its 
powers, the heart beats more slowly, digestion is im- 
peded, the peristaltic movements of the intestines sub- 
side ; the brain having become over-excited, the natural 
sleep is disturbed, and the individual starts at the 
least noise which interrupts hie attention to the subject 
on which his mind is engaged. When this mental 
exertion is carried to its extreme limits, the vegetative 
functions soon become deranged so unequivocally as 
to point out the necessity of mental rejiose, and an 
interchange of corporeal exercise. 

If such are the fruits of mental labour in the adidt, 
at periods of life when the mind and body have attained 
maturity, aud are therefore best able to sustain exer- 
tion, what can be expected to arise when the minds of 
young children are subjected to continued exercise, 
and have forced on them the abstract principles and 
construction of native and foreign languages, which they 
can neither retain nor understand, besides being obliged 
to commit to memory lengthened dissertations, and 
lessons tending to no immediate useful end ? A cycle 
of acquirements ia often imposed on young boys and 
girls, which, if accomplished, must interfere with theiv 
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phjfsical development, if it do not entail on them a 
delicate constitution, probably for life. The period 
and amount of study should always be adjusted to the 
age and physical condition Of the individual; and it 
should be rfemembered that great activity of mind ia 
often associated with a scrofulous and delicate con- 
stitution. To encourage the development of the in- 
tellect ill excess tends to advance the infoads of ]}re- 
disposed disease ; the vegetative functions perforui 
their office imperfectly, and scrofulous abscdsses, rickets; 
caries, or some other distortion of the osseous system, 
often supervene. In many large schools the pupils 
are too much crowded together, and the rooms not 
sufficiently ventilated for maintaining tlie body in a 
state of health ; and at certain seasons of the year the 
difference of temperature within and without the school- 
rooms is so great, that affections of the respiratory 
organs are very commonly the effects of exposure to 
fheae vicisisittides. 

In this country the accumulation and diffusion of 
wealth have vastly increased during the last and present 
centuries ; and that, too, in a far greater proportion than 
the increase of the population, The tendency of this 
general increase of wealth, iii the middle classes of the 
community, has been to release fl large mass of persons 
from the necessity of corporeal labour, as the meana 
of prociu-ing the comraou necessaries of life. This 
exemption from corporeal laboiu- has given time and 
opportunity for devoting more than ordinary aitteirtion 
to intellectual pursuits ; and thus the cultivation of 
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the mental powers has in a great measure superseded 
bodily exercises. But this tendency to cultivate the 
intellectual, and neglect the cor|)orea) functions, which 
is due to a higher degree of civilization, refinement, 
and luxury, cannot be carried with impunity beyond 
cerlain limits ; and those who are exempt from the 
necessity of bodily toil find themselves obliged to 
resort to it, and to induce fatigue as a means of health. 
In order to combine amusement with exercise, we find 
that those who can command the opportunity betake 
themselves to the pleasures of the chase ; and those 
only who have the taste and opportunity of so doing 
can justly appreciate the mental relaxation produced 
by the sports of the field — such as hunting and shooting. 
But comparatively few are able to have recourse to this 
species of exercise ; and the jealousy with which the 
right of sporting is preserved is a test of the value 
assigned to it by those who enjoy the privilege. 

In the earlier period of life, when the intellectual and 
physical powers are in a state of progressive develop- 
ment, the sports of the field and equestrian exercise* 
are in general uot available, and various kinds of 
mechanisms have been invented and proposed as sub- 
stitntes. The first object in all gymnastic exercises 
should be to use such means as will bring the whole of 
the voluntary muscles into proportionate action i they 
should be likewise .of a nature to amuse the. mind, as 
well as to strengthen the body ; for unless these objects 
are combined, children will never persevere in them. 
For infants we have recently had introduced from 



America the " infant gymnasium or baby-jumper," 
which is extolled in the " Letters to i» Mother," by Dr. 
Conquest, who says that it will conduce riiucb to the 
safety, health, and enjoyment of the child ;" thus com- 
bining pleasure with exercise. The movement of the 
child in this apparatus is chiefly vertical, and tlierefore 
differs from that of the go-cart, in which the infant 
moves horizontally. Many games tend to the same 
end. What boy or girl does not delight in trundling 
the hoop, spinning the top, and playing at battledore 
and shuttlecock ; games which are not only harmless, 
but beneficial, and which, combining amusement with 
exercise, have therefore become popular. The games 
of cricket and fives require greater exertion, and are 
adapted to persons more advanced in life than those 
just enumerated. The disadvantage of the game of 
cricket is the alternation of violent exertion and abso- 
lute repose with which it is attended ; since the profuse 
perspiration consequent upon the exercise being thereby 
hable to be checked, exposes the players to rheumatic, 
catarrhal, and other indispositions. In turning our 
attention from those popular sports and games which 
tend to exercise the body, and amuse the mind, to the 
various machines constructed with a view to remedial 
purpose-H, we cannot fail to be struck with llic total 
inaptitude of the latter to combine the objects just 
mentioned. 

It has been imagined by some that^the _greater__ fre- 
quency of distortion among females is due to their 
bodies being more delicately formed than those of 
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males. This suppogitiou would imply tliat Nature, so 
perfect in all her other workq. Lad made the mechanical 
coustruction of womaii imperfect. If, however, we look 
around us, a superficial inquiry will be amply sufficient 
to dispel such an idea. In consequence of exercise, the 
females of other countries are quite capable, not only 
of supporting the frame, but of bearing as heavy lo^s, 
and undergoing as much fatigue, aa the men.* This is 
also observable in our own population, wherever the 
possession of wealth has not produced luxurious habits, 
excessive mental exertion, or compression of the chest, 
in obedience to a depraved taste. The Hindoo wqmen 
are remarkable for their upright carriage, and fine 
figure ; the Circassians also are proverbial for theit 
exquisite beauty of proportions ; they impose no unna-: 
tural restraints like corsets ; and their intellectual 
attainments, though far below the standard of our own 
countrywomen, leave the physical powers greater 
freedom of development. Even in this country, the 
Welsh strawberrywoman performs labour that would 
wear out with fatigue most ordinary men. In many 
countries where civilization has not as yet elevated the 
intellectual standard of the female sex, the toils not 
only of domestic, but of agricultural and other labours 
are imposed on them, and there is no deficiency of 
mechanical power to fulfil these duties. It is, then, quitu^ 



• In the CyclopBedia of Anatomy and Pliysiology, Part XXIII^ 
p. 430, the author has given the formulae by wliich animal fori 
eatimated. 



PHYSICAL TREATMENT OP CHILDREN. 

clear that Nature has done her part io the mechanical 
structure and organization of the fair sex, but that art, 
and irrational attempts to improve the figure bestowed 
on them by Providence, have worked the miscliief 
observable in their physical constitution. Nature has 
imposed laws on organized beings which cannot be 
violated with impunity. The mutual relation between 
the intellectual, automatic, and mechanical functions is 
such, that the over-exercise of any one of these entails 
injurious efi'ectson the rest. Abstract studies, and all 
mental exertion, ought to be followed by mechanical 
exercises. Walking, running, and leaping, are within 
the reach of all ranks ; yet even these are denied to the 
progeny of the wealthy, and carriage exercise is sub- 
stituted for them. The delicate, pale, and unhealthy 
chlorotic countenances of most persons thus circum- 
stanced, sufficiently indicate the baneful efl'ects of such 
a system. 

Delpech has strongly insisted on the necessity of 
gymnastic exercises, and in his excellent work has 
given numerous illustrations of various kinds of atti- 
tudes and movements which tend to bring the difi'erent 
muscles of the body into action, to improve the figure, 
and to strengthen the constitution. In France, Ger- 
many, and Piedmont, gymnastic estabhshnients are 
under the patronage of government. In England, they 
are introduced into some of the military schools ; and 
there has lately been erected a gymnasium for the use 
of civilians in the neighbourhood of Prinu'ose Hill. At 
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University College, London, the gymuasiiim is under 
the superintendence of Mr, Chiosso ; and gymnastic 
exercises are enjoyed at some of the ladies' boarding 
schools about the metropohs r nevertheless, there is 
much need of some other establishments of this kind, 
which miglit be erected either by government, or by 
private subscription, and which should be placed under 
the superintendence of persons competent to direct 
the natmre and amount of the exercises in individual 
cases. 

When any person undertakes the study of the anato- 
mical and mechanical functions of the organs of loco- 
motion in man, he soon perceives that the subject opens 
to his view a mechaniara consisting of a large number 
of parts connected together, and made more or less 
dependent on each other in a very beautiful manner. 
The bones, the joints, the ligaments, and the 
muscles, are all adapted to each other for one common 
end ; namely, the preservation and enjoyment of the 
whole body. So exquisitely are the several parts 
adjusted, that the smallest mechanical derangement of 
any one entails corresponding changes in the rest. 
There are two methods of inquiring into the nature of 
these corresponding changes of attitude; namely, the 
inductive and the deductive. By the former method we 
are able to observe experimentally what changes 
actually take place in the body, and trace these effects 
to their causes ; and by the latter, we may state each 
particular case either as a problem for solution, or a 
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tlieorem for demonstration ; but whichever method is 
adopted, or if tliey are combined to suit particular 
cases, the student will find in himian mechanics enough 
to engage a large portion of his life. We have had 
phyaieo-niathematical problems solved by Mayow, 
Borelli, D. Bernouilli, Barthez, W. and E. Weber, and 
others. He who desires to attain a knowledge of the 
human body, viewed as a moving machine, will be 
amply repaid his labours by studying MM. Weber's 
"Mechanik der menschlichen Gehwerkzeuge," which 
gives an excellent idea of the nature of these subjects, 
lu some cases the analytical method requires to be 
Terified by experiment; such, for example, as the 
swinging of the leg in walking, inasmuch as there are 
powerful muscles adapted to draw the leg forwards, and 
the presumption was that they did do so, until the 
Webers demonstrated analytically that it was impelled 
forwards like a pendulum, by the force of gravity 
alone ; and perhaps the demonstration woidd not have 
been sufficient to establish the truth in the minds of 
mere anatomists, if they had not shown that the leg of 
a dead man, placed under proper circumstances, swung 
rather faster than that of a living one. Few who are 
ignorant of dynamics can be made to believe that, in 
Walking, the forces which propel the body forwards are 
not greater than those which drive it back ; yet such 
must be the ease in all bodies moving uniformly. In- 
quiries like these awaken attention to a higher and more 
philosophical method of inquiry into the theory of 
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animal mechanics, more especially with reference to thi 
human race ; and such a knowledge of this subject is 
of paramount importance in the study of those cases 
where changes of attitudes lead to distortion of figure. 
The author has simply, in this work, attempted 
to trace to their sources the failure of the various 
methods in use, — to expose the empirical state of the 
practice both abroad and at home, — and to lay down 
some rules founded ou established premises as guides 
for future treatment. When we take a survey of the 
vile machines that have been invented, and consider the 
amount of torment inflicted by them for no useful end, 
that patients have been subjected, often for years, 
painful restraint, have incurred expense, and lost much 
precious time, all which has been borne with fortitude 
by the young and delicate, buoyed up by the fallacious 
hope of a happy result ; and that muscles and tendons 
have been cut, and various other mutilations inflicted on 
a mechanism so beautiful and so perfect as that of the 
human body, in order to attain objects which such 
means could never accomplish, — it must be acknow- 
ledged that this branch of surgery is in a most deplor- 
able state. Almost every orthopedic practitioner has 
hitherto employed some favourite machine for the 
treatment of distortion. The author does not intend 
to propose any new machinery, either for stretol 
ing, pulling, pushing, or propping the body 
aim being to dispel the illusion that such machines 
possess any value, by demonstrating their inefficiency 
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in the majority of cases, and thus to pave the way for 
a more scientific and rational practice in this brannh of 
surgery. 

It is to be hoped that henceforth surgeons will not be 
content to transfer their distorted patients to the care 
of surgical instrument- makers. In all the ordinary 
affairs of life, a person who finds that his steam-engine, 
I his carriage, or his watch, has got out of order, applies 
I lo the engineer, the coachmaker, or the watchmaker, to 
get it repaired. Who would employ a blacksmith to 
repair his chronometer ? And yet snrgeotis send the 
human frame, vastly more delicate, more elaborate, and 
I more complex than any piece of artificial macliinery, to 
be repaired by an instrumeiit-maker, whose knowledge 
of its physico-mathematical constitution is incomparably 
leas than that which the blacksmith has of the chrono- 
meter. A case affording a striking illustration of the 
bad effects of this mistake has been recently placed 
under the author's care, where stays furnished with 
cratches had been worn by a young lady three years ; 
during which time, the patient grew every day worse 
and worse, until the failure of the plan became too 
apparent for its longer continuance. The body is 
now dreadfully distorted, and the opportunity has been 
lost for effecting a cure ; which might have easily been 
accomplished, had proper treatment been applied in the 
earlier stage, instead of trying the experiments of an 
unprofessional empiric. It would be easy to prolong 
the discussion of the subject of this work almost 
indefinitely, by entering into matters of detail ; but tlie 
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object throughout has been to establish some general 
scientific principles in orthopedic surgery, on which the 
practice might be founded; for the specific treat- 
ment of each case must depend on its own peculiarities, 
which are only to be detected by the skill of the 
surgeon. 



THE END. 
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ADVERTISEMENT. 



A PORTION of this Work, on the completion of which 
the Author had been laboriously engaged within 
a few days ouly of his decease, had been already con- 
signed to the press, when his Widow and Executrix 
placed in my hands the copious Manuscript and 
Explanatory Notes of ray late highly valued friend 
and Ibrmer teacher, in order that I might superin- 
tend its passage through the Press. 

For the grateful task of editing this, the Author's 
last Work, I possessed both the requisite leisure, 
and a long-standing acquaintance with his scien- 
tific views and methods of investigation ; and most 
amply shall I be rewarded should I be deemed to 
have discharged this duty, without detracting from 
the well established reputation of the Work, 

I may perhaps be allowed to state that the Author, 
at the request of a Committee of the Royal College 
of Physicians appointed to revise their Pharma- 
copceia, eillier conducted or inspected the prepara- 
tion of most of the medicines which have been 
introduced, or the methods of preparing which have 
been altered in the present Pharmacopoeia. 

In the Remarks which accompany this Transla- 
tion, the Author's attention and my own have been 
especially directed to those engaged in the practice 
of Physic, but who from the demands of their pro- 
fessional avocations have not watched the important 
and rapid progress of chemical science ; to Medical 
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Students, to whom concise yet distinct descriptions 
of the chemical changes which occur during the 
preparation of medicines are extremely useful ; aud 
lastly, to those engaged in the preparation and dia ~ 
pensing of drugs, to whom methods of ascertaining 
the purity and freedom from adulteration of 1' 
materials they employ will prove advantageoui 
To the directions and tests of the Pharmacopa" 
such remarks have been added as seemed to fal^ 
ther the purpose of their introduction, and the teats" 
which have been proposed are the more necessary 
because the College no longer insist that the me- 
dicines which they have ordered should be prepared 
exactly in the mode prescribed, provided they wilt 
stand the trial of their purity to which they should 
be submitted. 

They who know how small that portion of time 
is which the student of medicine has at his disposal 
for the acquirement of chemical and pharmaceutical 
knowledge, will readily admit the utility of assist- 
ing his progress by familiar modes of illustration. 
With this view much use has been made of dia- 
grams in this work, and for an example of the 
method of framing them I refer to those which 
occur in pp. 309-10, illustrating the preparation of 
Chloride of Mercury, The materials employed and 
waste products, as Sulphuric Acid and Sulphate of 
Soda, are printed in the usual type ; the consti* 
tuents of the materials in italics, as Oxygen and So-, ' 
dium ; the intermediate products, when such occurj 
in very small type, as aujphaw uf siufdurj ; and the Phai 
macopceia preparation in small capitals, asCnLOBiD^ 
OF Mercury. 

I have deemed it my duty, so far as I was abl^ 
strictly to carry out the Author's design of makiqi 
the present Work a Compendium of whatever is yd 
known respecting the more important chemical pn 



perties of every substance and preparation inserted 
in the Pharmacopoeia, and therefore whenever an 
article of the Materia Medica is nsed in a prepara- 
tion its chemical and physical history is given, 
either under the first, or the most importaut pre- 
paration in which it occurs ; thus, the descriptions 
of the Cinchona barks and of the alkaloids derived 
trom them are appended to Decoctions of Cin- 
chona, those of Tartaric acid and of its potash salts 
occur under Potassio-tartrate of Antimony, and 
Tannic and Gallic Acids under Tincture of Galls ; 
an arrangement which is not only a rational one, 
but is also convenient and instructive to the Sin- 
dent. Whatever defects this arrangement may be 
chargeable with, 1 trust wilt be at least compensated 
by the copious index annexed to this book. Seve- 
ral processes which occurred in the last Pharma- 
copoeia, the products of which are now inserted in 
Materia Medica, are retained in this Work, as 
not only being useful to those practitioners who 
may be desirous of preparing their own chemi- 
cals, but also frequently affording excellent prac- 
tice for the student in operative chemistry and 
pharmacy in the use and management of chemicals 
and of apparatus : these re-inaerted formula; are in- 
variably printed in italics ; but the former Pharma- 
copceia processes have not always been restored, 
for if obviously better methods, as in Liquor Am- 
moniae, p. 103, have come under my notice, these 
have been preferred and are printed in similar type 
to that of the rest of the notes and remarks. 

Symbols and formulie of the definite chemical 
products and compounds have been given, and 
these formulce have been adopted in the Table of 
Equivalents appended to this Work, as they not 
only denote the ultimate composition of the sub- 
stances contained in the Table, but they will also 



enable stutients to familiarize themselves with the 
use and employment of chemical symbols and 
formuKe. 

I have freely availed myself in this work of the 
views and results of chemists, and of the labours of 
various writers on Materia Medica and Pharmacy, 
and have adopted whatever information I have met 
with of a reliable and suitable kind frequently with- 
out specific acknowledgment of its source, as will 
be evident to all who are versed in these depart- 
ments of science. 

Well knowing how necessary it is that the student 
should be acquainted with the powers and doses of 
medicines, I have generally given an account of 
them ; but not being a medical practitioner, I have 
consulted and quoted the best authorities on the 
subject ; and it may inspire confidence in this state- 
ment to observe, that these have been for the moat 
part transferred from the translation of the last 
Pharmacopceia, for which the Author was then 
chiefly indebted to the friendly assistance of the 
President of the College of Physicians, and to Dr. 
Hue of St. Bartholomew's Hospital. My most 
emphatic thanks are due to Mr. Warington of Apo- 
thecaries' Hall, for the valuable information and 
efficient aid he has constantly afforded me whilst 
this Work was passing through the Press. 

J. DENHAM SMITH. 



Putney, SpptenibtT 1851. 
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